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FOREWORD
,

r
Mechanical Drafting is`the third volume of a series of drafting materials being produced

by the Mid-America Vocatiohal Curriculum Consortium. Basic Drafting: Book One and
Basic Drafting: Book Two comprise the basics necessary to be employed in a drafting
occupation. This book, Mechanical Drafting, is designed to be used .as a supplement ,to
them so that the student can specialize.

. The.suctess af this pub.lication is due, in large.part, tothe capabilities of the personnel
bvho wor.keti with its developmeneThe technical writer has numerous years of industry'as
well as teaching arid writing experience. Assisting him, in his efforts were committee repre-,

-ientatives who brought with them technical expertise and ex'perience related to the class-
room and to the trade. To assure that the materials would parallel the industni environment
and to be accepted as a transportable bisic teaching tpol, other'organizations and industr.y
representatiVes were involvethin the develapmental phases of the manual. Appreciation is
extended to triem for their valuable contributions to the manual. ,

,. ,_f ,:. Instructional materials in.this publizatioh are rritten in terms Of studerverformanee.
using measurable objectives. Thti is an innovatilie approach to teaching that kcents'and

' augments the teaching/learning process. Crite.rion referenced evaluation instryments_ are-.,. '-
f, provided for uniform- measurement of studerft progress. In addition- to .eyarualin4 recat.1

kiformation," teachers are encouraged to evaluate the oter areas including p.rdcess and
product as indiCatedat ihe efid.of each instiuctional twit. .. ' .

-,-. ...
,..., , . . , .. t,. .. : It js the sincere belt& of the, MAVCC peronnel Oki all thosetrnimbers who served

..

. on the parrrfnittee_ that this publicatiewittzlIcw the stvdents to become better prepared
; and .nipre effectrve members .'of ithe work °forge. If .there.- is anything that we can do to

help this publication becoine rriare usefuJ to ypU, dleese let i.4,know.`. - , -4r...
.. . ' ;
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PREFACE

-For many years those responsible for teaching drafting have felt a .rieed for better
quality materials to iise in this area. To address.this need,MAVCC has Previously-published
two te3(ts, BasicDrafting, Book One and Basic Draffthg; Book Two. During the development
,of these basic materials, an even greater need was established, that being supplemental
materials to help the students specialize in various arkas of draftins. The team .of teachers,.
industry representatives, teacher educators, and statedevel (supervisors who bad produced
the -original materials accepted this challenge and have now coMpleted the firs1 of the
suppl ts. Mechanical Urafting is designed to be used in addition to tile the first two

s, and is developed to strengthen a student's combetence in the.speciali7ed field
of mectranical drafting. This field is sometimes-referred tiaa machine draiting:bufbecause

'it involves.the drafting of all meclianical devices, not only cnachines,.we gpecided to entitle
otO text Mechanical Drafting.

Th.as publication is ciesigndditO 'assist teachegs iii rrn.proiiing instruction. As this arobli-
cation is us.ed it is 'hoped t'l-raf the studenf performance:will improte so the'suldents wilrbe

ketter ilsle to assurrieyrdie in their chosen occupation. -Every effcirt has.be'eli rnada"to Make,
this publication. basic7Teaclable(and by alllvearls, usable..Ttrei vital tartV,of Thstroction

havt been tritentionálly`bmitted: motiva/ion, betsonalizatjpn, )ruj localizatiOh. These,areis ,
are left to the indiyicluat instructors.'whO shOuld`capjfatize tin the/n*. Only'
palication wally become a vital pari of the ieaehirl-learn4ig prosessp.

5 lib
5

r

, ,, . ...
- ,.. . , .. I t .

9.

.

. -.. In 'additiOn, We yvpuld arrArecike your
'and. Itypovkiphical-prrors many times in the. ,
however, for ari error triOlow Up. rn a..publiOt

4

elp.,4Ne:check foricontept qi.fali-ty-, spelling, sz
deifeldprnent of a manupt. It is atill posSibje, ,
ion.

-0

1

. .
, We4afe' tryiri9 -to provide yol.r.with Pit best pOssible durricul4n. materials and wiJI

certainly, appreciate ydur help in detecting 'area's Wherer,posciVe. corrections are, needed
. .,
. to mIptairilhequalityyou Ovant abldeserve. ...:* ..

vii

11-

n n B-enson
Executive Director . .
Mid-America yocational

Curriculum Consortium, Inc.
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or all of th

1siC-Components of e.linitoi-ihstU.tion: perforinance objectives, suggesked.: .4... ,.. . '. ,
activities f aChefs'and Students, infordlatiOn 'sheets, assignment sheets, job freityisital, . - . ow t

OiS il_Rids, 'tests, anaavr*trs to the test; iitiits are planned 'for more-tHan one less or ass4
. .

0 .., .. %,-peripd 0.40=00. .* . - -,... .... ., . .. . ,. Ilk 1. , . .

og

.
. -w

'Careful study of"ekh instrudtional unit b*/ the teacher will help to determipe:
.

t A.
B.

:the-aeriount of material that can be covered in each class period
The skills which Must be demonstrated
1. Supplies needed.
2. Equipment needed
3. Amount of practice needed
4: Amount of class time needed-for demonstrations

C. Supplementary materials such as pamphlets or filmstrips' that must be ordered
D. Resource people who must be contacted

OC"ectives

--
Each unit of instruction is based on formance objectives. These objectives state the

goals of the course, thus providing a sense tion and accomplishMent for the student.

PerformAnce objectives are stated in two forms: unit objectives, stating the subject
matter to be covered in a unit of instruction; and specific objectives, stating the student per-
formance necessary to reach the unit objective.

SinCe the objectives of the unit provide direction for the teaching-learning process, it
is important for the teacher and students to have a common understanding of the intent of
the objectives. A limited number of performance terms have been used in the objectives for
this curriculum to assist in promoting the effectiveness of the communication among all

ividuals' using the materials. '

Following is a list of performance terms and their synonyms which may have been used
in this material:

Name
Label

List in writing
List orally
Letter
Record
Repeat
Give \,

Identify Describe
Select Define
Mark Discussin writing
Point out Discuss orally
Pick out Interpret
Choose Tell how
Locate Tell what
Label Explain
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e 'Ar , ,r-' .""'
--:,x. -;711.1-' -c- 're- ; `-. ott.."-4.--- 41- * V. - V

r, wait

; '.... 4 it,- --
..1 . .

.* . . -..r,-.!, -.. artier .... Dislinvish - Construct.-
ate Drawv

-, :Arrange "" Discrimin'. .

Sequence . Differentiate Make
c,

, , , l!kst in order t. .. Build
...Classify . , . Design

.. - Divide t. Formulate
Isolate -

Reproduce .- 'Sort Transcribe
,- Reduce

Increase
Figu're

Demonstrate Additional Ternis Used
Show your work Evaluate Prepare
Show procedure , Complete Make ,
Perform ah experiment Analyze Read
Perform the steps Calculate Tell
Operate Estimate Teach
Remove. Plan Converse
Replace Observe -Lead
Turn bff/ori Compare State
(Dis) assemble Determine Write
(Dis) connect" ' Perform

Reading of the objectives by the student should be followed by a class clscussion fo
answer Iny questions concerning performance requirements for each instructional unit.

Teachers shoutd, feel free to add objectives Which will fit the material to the needs of
the stydents and doiiimunity. When teachers add objectives, they should remember to
supply the needed information, assignment and/or job,sheets, and criterion tests.

Suggested Activities for the Instructor:

Each unit of instruction hos a suggested activities sheet outlining steps to follow in
accomplishirig specific objectives. Duties of instructors will vary according to the particular
unit; however, for best, use of the material they should include the following: provide
students with objective sheet, information sheet, assignment sheets, and job sheets; preview
filmstVips, make transparencies, and arrange-for pesource materials and people; discuss unit
and specific objectives and information sheet; give test. Teachets are encouraged to use any
additional instructidnal activities and teaching methods to aid students in accomplishing the
objectives.

Information S'heets

Information sheets provide content essential for meeting the cognitive (knowledge) ob-
jectives in the unit. The teacher will find that Ow information sheets serve as an excellent
guide for presenting the background knowledge necessary to develop the skill specified in
the unit objective.

Students should read the information sheets before the information is discussed in
class. Students may take additional notes on the information sheets.

xii
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.Tranwarency Masters

Transparency masters provide information in a special *ay. The students may see as
well is hear -the material being presented, thUs reinforcing the learning process. Transparea.
cies may present new info-rmation or they may reinforce information presented in the in-
formation sheets. They are particularly effective when identification is necessary.

Transpa`rencies should be made and placed in the notebook where they will be imme-
ately available for fe. Transparencies direct the class's attention to the topic of discus-

. 'They should bib ieft on the screen only when topics shown are under discussion.

Job et

Job s ets are an important segment of each unit. The instructor should be able to
and in most situations should demonstrate the skills outlined in the job sheets. Procedures
outlined in the job sheets give direction to the skill bein9..taught and allow both student and
teacher to check student progress toward the accorriplishment of the skill. Job sheets
provide a ready outline for students to follow if they have missed a demonsfotion. Job
sheets also famish potential employers with a picture of the skills being taught arid the
performances which might reasonably be expected from a peYson who has had this training.

Assi9nment Sheets

- t
. Assignment sheets give direction- to study and furnish practice for paper and pencil
activities to develop the knowledges which arenecessary prerequisitesto skill development.
These may given to the student for -completion in class or used for homework assign-
ments. An r sheets are provided which may be used kiy the student andfor teacher for
checking sttl ent progress.,

5

Test and Evaluation

Paper-pencil and performance tests have been cAtructed.to measure student achieve-
ment of each objective listed in the unit of instruction. Individual test items may be pulled
out and used as a short test to determine student achievement of a particular objective. This
kind of testing may be used as a daily quiz and will help thee teacher spot difficulties being
encountered by students in their efforp to accomplish theunit objective. Test items for ob-
jectives added by the teacher should ISe c tructed arta added to the test.

Test Answers

Test answers a e 'provided for . unit. These may Ipe used by the teacher and/or
student for checking udertt ac vemehf of the objectives.



MECHANICAL DRAFTING
Instructional/Task Analysis

JOB TRAINING: What the RELATED INFORMATION: What
Worker Should Be Able to Do the Worker Should Know

(Psychomotor) (Cognitive)

UMLI: ORIENTATION

16. 'Interview a mechanical drafter

17a Obselve a mechanical drafter

-18. Evaluitte a mechanical qrawing

1. erms and definitions

2. Areaslof specialization

3. Inclastries-that employ
mechanical drafters

4. Job titles and descriptions

5. Steps in mechanical design and
drafting work

6. Duties of mechanical drafter

7. Job classifications

8. Related occupations

9: Advantages and disadvantages
of a mechanical drafting occu-
pation

10. Minimum qualifications

11. Personality traits of drafter

12. Related skills for drafter

.13. Evaluation areas

14. Abbreviations

16. Professional organizations

NIT II: TOOLS AND EQUIPMENT

1. Terms and definitiqns

2. Meohanicel templates

X V

3. Precision measuring instru-
ments -



Joji TRAINING: What the
WorIcerthould Be Able to Do

(Psycho Motor)

9. Read micrometer settings

10. Read vernier calipers

11. Measure with scales

12. Compute mechanical drafting prolilems
using a hand calculator.

13. Use a micrometer

14. Use a vernier calibtr

RELATED INFORMATION: What
the Worker Shquld Know

(Cognitive.)

4. Types of welding measuring
instruments

5. Types of scales

6. Primary metric unit of mea-
surement

7. Hand calculator functions

8, Types of keyboard sequences
used in hand calculators

UNIT tl I: REFERENCE MATERIALS
,

1. Terms andidefinitio

2. Product information literature

3. Mechanical standards/0er-
ences .

,

4. 1-li-rilbooks

5. Standards in ANSI drafting
manual

,s

6. ANSI standard parts

7. ANSI miscellaneous standards

1
8. ANSI metric standarCI fasteners

references

9. Determine manufacturer of mechanical
. components from Thomas Regiiter

7.

xvi 13

A



JOB TRAINING: What the RELATED INFORMATION: What
Worker Should Be Able to Do the Worker Should Know

(Psychomotor) (Cognitive)

10. Wcite a letter requesting product literature
foi mechanical components

11. Write a technical report using reference materials

'UNIT IV: LAYOUTS AND WORKING DRAWINGS.

1. Terms and definitions

2; 'Title.forms

14. Draw a design layout

15. Draw a set of detail drawings

16. Draw an assembly drawing

.17. 'Complete a detailed title block and revision
block

18. Complete a parts list

19. Makea drawing revision

xvii

if 3. Information or revision blocks

4. . Information on a bill of mate-
rial/parts list

5. Stages of design process

6. Design layouts

7. Elements of design layout
sketch

8. Parts of detail drawing

9.. Parts of assembly drawing

10. Information found on outline
or irmallation assemblies I

11. lnformadon found on welding
assembly drawings

12. Characterisiics of forging
drawings

13. Information found on a.pattern
or casting drawing

.11



JOB TRAINING: What the
Worker Should Be Able to Do.

(Psychomotor)

UNIT.V: DIMENSIONING AND

1

.k

xviii

'
RELATED INFORMATION What
the Worker'Should Know

(Cognitive)

TQ LERANCI NG

1. Terms and definitions

2. Si2e and location dimensions
for a g`tometric shape

a'
3. Mating dimensions in an

assembly drawing-

4. Numerical control dimension-
ing

5. Fits for inch and metric units

6. Limits in inch units using basic
hole system

7. Limits in metric units using
basic hole system

8. Tolerance ranges for shop
processes

9. Hole size limits for standard
dowels

10. Limit dimensions for inter-
changeability of parts

11. Limit dimensions for inter-
mediate parts

12. Symbols for tolerance and
form

13! Symbols for position and form

14. Positional tolerancing

15. Angular tolerances

16. Surface quality specificatiobs

17. Surface quality symbols

18. purface quality notes

19: Lay symbols

AI 5



JOB TRAINING: What the RELATED INFORMATION: Whet
Worker Should Be,Able to Do the Worker Should Know

(Psychomotor) (Cognitive) .

20. Dimension an object completely

21. Calculate and dimension clearance fit
tolerances using standard fit tables

22. Calculate and dimension interference fit'
tolerances using standard fit tables

23. Calculate and assign tolerances to mating
parts using standard fit tables

24. Calculate and dimension hole size limits for
standard dowels

25. Dimension en objeCt using position and
form tolerances ,

' 26. Determine ranges of motion of limbs and
spaces required for a person

UNIT VI: FASTENERS AND HARDWARE

1. Terms and definitions

1 rs
xix

2. Types of fasteners

3. Applications of screw threads

Screw threads nomenclature

5. ScreW thread profiles

6. Lead of thread .

7. Screw thread symbols

8. Classes of fit for unified threads

9. Classes of fit `formetric threads

10. parts of thread notes

11. Conventional representations
of pipe threads

1,2. Types of threaded removable
fasteners

13. Shapes of bolts and nuts



JOB TRAINING: What the RELATED INFORMATION: What
Worker Should Be Able to Do the Worker Should Know

(Psychomotor) (Cognitive)

14. Types of locknuts and locking
deVices

I

15. Types of standard cap screws

16. Types of machine screws

17. Set screw heads and points

18. Miscellaneous bolts and screws

19, Standard large and small rivets

20. Rivet sytnbols

21. Advantages of plastic fasteners
over metal fasteners

22. Devices to lock components
on a shaft

23. Types oriprings

24.. Types of Spring clips

25. Types of keys

26. Types of machine pins

27. Washers

28. Applications of inserts

29. -types of lock washers

30. Uses for spring washer designs

31. Quick opening and locking
devices

32. Miscellaneous machine ele-
ments

X X

33. Advantages of different fast-
eners

34.' Types of-welded joints

35. Parts of a welding' symbol

36. Basic arc and gas weld symbols

1 7
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JOB TRAINING: What the RELATED INFORMATION: What
.Worker Should Be Able to Do the Worker Should Know

(Psychomotor) (Cognitive)

. . 37. Supplementary welding sym-
bols

42. Construct thread symbols

43. Construct bolts, screws, and nuts

44. 0:instruct an assembly containing
various fasteners

45. Construct a welded assembly drawing .

46. Construct spring drawings to inclilde
' . -specificatioris

47. Construct keys in assernbled.positions
,

48. Write specifications for hardware from

38. Welding dimensions for a fillet
weld

39. ,Resistarice welding symbols

40. . Using adhesives for bonding
materials

41. Joint design considerations for,
adhesive bonding

*

vender catalogs : . ...

.

UNIT VII.: PRESENTATION DRAWINGS.
., 1..

. 1. Terms and definitions

2. Types of presentation sketches

3. Stbps of sketct;ing

s,
4. Ellipse constrOction

/ 5. Shading techniques

6. Typesvf axonometric drawings

7. Oblique drawings

j
;

xxi

erN

8.. Parts. of exploded assembly
presentation drawings

9. Special requirements for
patent drawings



JOB TRAINING: What the
Worker Should Be Able to Do

(Psychomotor)

10. Shade pictorials

11. Construct conceptual preseintation
'sketches

12. Construct design sketc is . .

13. Construct a dirnetric esfInation
drawing

1'
14. Construct an oblique presentation .

drawing

15. Construct a two point presentation
perspective of an object

16. Construct an exploded assembly
presentation drawing

RELATED INFORMATION: Wile
the Worker Should Know .

(Cognitive)

UNIT VIII.:MATERIALS AND SPECIFICATIONS .

oL 41

1. Terms end definitions

Speciffcations tound on
mechonical drawings

Heat treatments for metals

4, Surface hardening treatments
: for metals ".

5. Forms of carbon steel

6. Categories of pipe

7. Specifications for tubing dell-
outs

8. Specifications fOr siructured
sthel shapes

9. Standard mill forms of mate-
rials

10. Metal properties .

11. Factors_to consider in selecting
materials

12. Types and kinds of ferrous
manufacturing metals

1 3

(
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.10B TRAINING: What the RELATED INFORMATION: What
Worker Should Be Able-to Do !-theWorkerShould Know'

(Psychomotor) - _
(Cognitive) - .-

.

/ r
. 1.3. Rails of the steel numPering

, ., .

_ .
. system

.
-

14. ' Copper type metals ...

15. 'C6ndition-6f alurnrnurn-

16. TyPes of plaak materials

17. Refractory materials

18.. Determihe wire and sheet metal size
from gage ndmber

.
19,. Select materials from a materials .

stock book

lp

41,

UNIT IX: MANUFACTURI.NG PROCESSES
141

1. Terms and definitions

. 2. Purposes of manufacturing
processes

3. Types of drawings

4. Casting terms

5. Design procedures for casting

6. Pattern and machine dimen-
sions

7. Desigrdprocedures for a forging

8. Design proceddres for a welded
essembly

9. Machine processes

10. Numerical control machinery

11. Plastics

12. Sheet metal processing

13, Sheet metal hems and joints

1.

a
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JOB TRAINING: Wht the . RELATED INFORMATION: What
Worker Should Be Able to DO ' the Worker Should.-Know ...

(Psychomotor) (Cognitive)

14. Calculate bend allowance for sheet metal

15. Design a casting part

16. Design a forgingpart

Design a welded part .

18. Design a thermoplasticimrt

UN IT.X: SHEET METAL DEVELOPM'ENTS

A

10. Calculate bend allowance

11. Label points, lines, and planes in views

12. Identify true lengths and types of lines

13. Identify true sizes and types of planes

14. COnstruct Istigths of lines and true sizes of
planes using auxiliary views

15. Construct true len§ths of lines by rotation

16. Construct true sizes of planes by rotation

17. Locate elements of single curved surfaces

gxtv

1., Terms and definitions

2. Visualization

4

-04

. 3. ConstructiN an auxiliary view

4. True lengttt lines and true sizes .
of three view drawings

5. Point views ,of lines and edge
views of planes

6. Characteristics of rotation

7. Elements of single curved
surfaces

8.. Finding intersections of sur-
faces 3

9. Groups of developments

ft



JOB TRAINING: What the
Worker Should Be Able to Do

(Psychomotor)

18. Construct intersections of surfaces

19. Construct intersections of sdrfaces using
two-view method

20. Construct radial line developments

21. Construct parallel line developments

22. Construct special developments using
triangulation

v

A-ELATED INFORMATION: What
the Worker Should Know

(Cognitive)

UNIT XI: POWER TRANSMISSION*

.1. Terms and definitions

r r.)
41001

2. Advantages of chain drives and
gear drivqs

3. 'Advantages of chairi drives and
belt drives

V
4. Steps for selecting a V-belt

dtive

5. Types'of power transmission
chains

6. Types of gea*rs

.7. Parts of gear teeth

8. Parts of pinion and gear

9. Cutting data needed for spur ,

gear drawings

10. Parts of a bevel gear

11. Cutting data needed for bevel
gears

12. Cutting data needed for worm
and worm wheel

13. Gear ratio

14. Gear rotation



JOB TRAINING: Wh4 the
Worker Should Be Able to Do

(Psychomotor)

ft

4

I

24. Construct a spur gear drawing

25 Construct a bevel gear

26. Construct a worm and worn, gear

27. Calculate gear ratios

28. Determine gear rotation

29. Calculate gear speeds

30. Construct a cam drawing

31. Select a chain drive

32. Select a V-belt drive

33. Select types of bearings from handbooks

RELATED INFORMATION: What
the Worker Should Know

(Cognitive)

15., Gear speed

16. Types of couplings

17. Types of bearings

18. Cam nomenclature

19. Types of cam followers

O. Types of cam motions

21. Hydraitlic nomenclature

22. Pneumatic components

23. Air circuit components

0 3
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Tools, Materials, and Equipment List

Triangles 450, 10° 60°
Compass
Divider
Protraotor
Irfegular curve
Drafting machine With scales or
Parallel ba,r or T-square with adjustable triangle
Drawing media
Drawing surface or table
Drafting tape
Drawing pencils
Lead holder'
Lead
Lead pointer
Pape'r towel or cleaning cloth
Nonabrasive hand eraser
Lettering guide for guidelines
Scale wrench
Mechanical Engineer Scale
Machinists steel rules
Metric scale
Standard fit tables
ANSI Drafting Standards Manual

(NOTE: Micrometers and vernier scale calipers need to be available for use in Unit II,
"tools and Equipment.")
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'ORIENTATION
UNIT I

,

UNIT OBJEC7IVE

After completion of this unit, the student Would be able to list job opportunities within the
mechanical drafting profession and recognize the qualifications and performance standards
for positions ki the profession. This knowledge will be ,evidenced by correctly performing
the procedure's outlined in the asSignment sheets and by scoring 85 percent on.the unit test.

SPECIFIC OBJECTIVES

After completion of this unit, the student should be able to:

1. Match terms related to orientation with the correct definitions.

2. Define 'mechanical drafting.

3. List areas of specialization in mechanical drafting,

4. List industries that ernaloy mechanical drafters.
a

5. Match jOb titles with the correct job descriptions.

6. Arrange in order the steps in mechanical design and drafting work.

7. Select duties of a mechanical drafter.

8. Match jobvclassifications with the correct responsibilities within a manufacturing
structure.

9. List related occupations for a mechanical drafter.

10. Distinguish between the advantages and disadvantages of a mechanical draft-
ing occupation.

t.
11. Match mechanical drafting positions with the correct minimum qualifications.

12. List important personality traits for i mechanical drafter.

13. Select important related skills fOr a mechanical drafter.

14. Complete a list of evaluation areas for drafters.

15. Select evaluation areas for meOhinical drawings.

16. Define abbreviations of professional organizations for mechanical drafters and
designers.

MD - 1
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17. Select advantages of joining and/or participating in professional organizations.

18. Demonstrate the ability to:. .

a. Interview a mechanical drafter.

b. Observe a mechanical drafter.

c. Evaluate a mechanical drawing.

N

,.

_-,

o

s

o
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,
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ORIENTATION
UNIT I

SUGGESTED ACTIVITIES

I. . Provide student with objective sheet.

II. Provide student with information and assignment sheets.

III. Make transparencies.

IV. Discuss unit and specific objectives.

V. Discuss information and assignment sheets.

MD 3

VI. Have students role play and interview each other Mit is not possible for them to
interview a mechanical drafter for AssignmeN Stieet #1.

s VII. Have students set up one appointment with a mechanical drafter for use with
both Assignment Sheets #1 and #2.

Provide actual mechanical drawings for use with Assignment Sheet #3.

IX: biscuss in detail the advantages and disadvantages of being a mechanical drafter.

X. Invite speakers who have experience as mechanical drafters, checkers(r and de-
signers to speak to the class about their jobs.

XI. Give test.

INSTRUCTIONAL MATERIALS

I. Included in this unit:

A. Oblective sheet

B. Information sheet

C. Transparency masters

1. TM 1--Types of Mechanical D,rafting

27 TM 2--Types of Mechanical Drafting (Continued)

3. TM 3--Industries That Employ Mechanical Draftets

4.. TM 4--Promotional Opportunities

5. TM 5Check List for Evaluating a Mechanical Drafter

6. TM 6Check List for Mechanical Drawings

411.
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D. Assignment sheets

1. Assignment Sheet #1--Interview a Mechanical Drafter

2. Assignment Sheet #2--Observe a Mechanical Drafter

3. Assignment Sheet #3--evaluate a Mechanical Drawing

, E. Test

F. Answers to test

I I. References:

A. Earle, James H. Engineering Design Graphics. Reading, Mass: Addison-
Wesley Publishing CO., 1,978. r

B. Giesecke, Frederick E., et al. Technical Drawing. New York 10022: Mac-
Millan Publishing Co., Int., 1980.

C. Jensen, Cecil and Jay Helsel..Engineering Drawing and Design. New York:
Oregg Division/McGraw-Hill Book Co., 1979.

1.) Levens, Alexander. Graphics in Engineering Design. New. York: John Wiley
and Sons, 19i)0.

_
E. Brown, Walter C. Drafting for Industry. South Holland, IL: Goodheart-

Willcox Co., Inc., 1974. /

F. Demel, John T. and Robert A. Wilke. Computer Graphips. College Station,
TX 77840: Creative Publishing Co., 1976.

4.-
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ORIENTATION
UNIT I -

INFORMATItN SHEET

I. Terms and definitions

I

A. : Technologital team--Craftworkers, technicians, technologists, engineers,
and-scientists organized to solve 'a complex technical problem in a manufac-
turing environment

,
B. Teclinologist-Specialist in the technical details of solving an engineering

problem; works as liaisdn between engineer arid technician
11

(NOTE: A technologist sometimes works in the place of an engineir but
is not a professional engineer.)

,
.C. Designer-Enginee'rtechnologist, or technician who has inventiveness and

technical specialty

D. Product design--Design of a product or redesign of a product for cOnsumers

E. Manufacturing design-Design of tools, fixtures, and machines for manufac-
turing a product

F. Mechanical designer-Technician, technologist, or engineer specialist that
works in either product deSign and/or manufacturing design

(NOTE: Whether this person is a technician, technologist, or ,engineer
depends upon the individual's experience and level of education.)

Level of technology--Classification of industries according to levgl of en-
gineering comblexity

. (NOTE: A low level technology industry may be involved with siMple
mechanical partsisuch as farm implements. A high level technology industry
may be, involved with complicated mechanical, hydraulic, or electronTeparts,
sOch asa space station.)

i
II. Definition of mechanical drafting--Form of drafting iff mechanical parts and

assemblies so that a product or manufacturing process can be produced

ill. Areas of specialization in mechanical drafting (Transparencies 1 and 2)

A. Product related

1. Machinei

2. Aerospace

3. Structural

v

I-, if)
l I 'LI
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INFORMATION SHEET

4. Piping

5. Pressure vessel

.6. Computer graphics

7. Communication

8. Sheet metal

-9.
,

Aircraft

10. Electrical power

11. Farm machinery

12. Mechanical power.

13. Transportation

" 14, Power geReration

.- 15: Military equipment

16. Ships

17. Propulsion systems

B. Manufacturing related

1. Machines

2. Tool design

3. Production design

4. Industrial electronics

5. Instrumentaion

6. Numerical control

7. Plant layout

8. Estimating

9: Systems

10. Power sysiems

,

IV. Industries that employ mechanical drafters (Transparency 3)

A. Transportation

B. ' p il

3 `1

r'

,

e
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INFORMATION SHEET
,

C. Manufacturing

D. Communication .

E. Pipeline

F: Material fabrication

G. Electronics

H. Military

I. Aerospace

J. Farm machinery

K. Power generation

, L. Ship building

V. Job titles and job descriptions (Transparency 4)

I A. - Trainee

1. Traces or copies drawings made by others

2. Revises drawings wOrking,from instructions

3. Repairs or redraws damaged drawings

4. Requires frequent supervision .

B. Junior drafter

1. Corrects and revises drawings

2. May make simple detail and assembly drawings
,, 3. Makes sketches

4. Requires some supervision
I

C. Drafter

1. Draws details and assembly drawings .

2. Works with handbooks and reference materials

3. Makes routine calations

4. Makes sketches and field notes

5. Is completely familiar with drafting standards

k.

. I-, i....

t I . )
..

,

,

..

,
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INFORMATION SHEET

D. Senior drafter

1. Handles design drafting detail assignments

2. Exercises considerable judgment in layout

3. Makes or reviews many calculations

4. Has some supervisory duties

E. . Checker

1. is an experienced drafter

2. Checks all final drawings tor errors

3. Is directly responsible for errors

4.. Routes drawings through the department

F. Design drafter technician

1. Works frbm engideering notes and specifications

2. Does calculations

3. Has thorough knowledge of accepted design concepts

4. Works with statics, strength of material, machine design, kinematics,
and mechanisms

5. Has increased supervisory duties

6. Handles complete dbsign assignment with minimum supervision

3. Generally has a two-year associate degree or equivalent

G. Design technologist

1.. Works with engineering staff

2. Is a thoroughly experienced drafter

3. Works with statics, strength of material, machine design, kinematics,
and mechanisms

4. Generally has a two or four-year college deg e in mechanical design
technology or design and drafting technology

5. Has increased supervisory duties .
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INFORMATION SHEET

Senior design technologist

(NOTE: The senior design technologist may be called a product engineer
or manufacturing engineer and may be the manager of the mechanical
design and drafting departthent.) ,

1. Has several years experiehce

2. Coordinates production deadlines and cost analysis

'3. Generally fas a four-year college degree in mechanical design techno-
logy or engineering

4. Works with industrial designers and others responsible for social and
environmental impact

p. Has increased supervisory duties

I. Chief design draftere

(NOTE: The chief design drafter may be the manager of the mechanical
design and drafting department. Usually these drafters have worked their
way up through the department.)

1. Responsible for all design and drafting in a company

2. Is in charge of hiring and firing

3. Sets work schedules, company drafting and design standards, and .
work loadi

4. Generally has a four-year college degree in mechanical design techno-
logy or engineering

,5. Responsible for budgeting and purchasing for de'Partment

6. Has incretsed supervisory duties

J. Computer-aided design drafter

1. Has all the skills of drafter

2. Has typing skills if input is by, keyboard

3. Has two-year associate degree or equivalent

K. Computer-aided designer

1. _Has- &I the skills of drafter and designer

2. Has computer programming skills

3. Has iwoor four-year college degree in mechanical design technology or
design drafting technology

V



10

INFORMATION SHEET

VI. Steps in mechanical design and drafting work

A. Prelidary design layout and/or rough sketches

B. Set of working drawings

C. Parts list and/or materials list and sPecifications

D. Checking

E. Corrections

F. Engineer's approval

G. Drawing release for production

H. Revisions

I. Prints made and sent to fabricators

VII. Duties of a mechanical drafter

A. Read blueprints and interpret engineering sketches

B. Prepare working drawings

C. Compile bill of materials and/or parts list

D. Use bandbooks and reference materials to determine specificationi and
correct data concerning materials to be used

E. Make necessary revisions and corrections on drawings that have been com-
pleted

F. Maintain neat and accurate job files for jobs in progress

G. Use all drafting equipment for mechanical ckafters

H. Maintain accurate file system for drawings

(NOTE: In large companies this may bb centralized, but* in many smaller
firms it is the direct responsibility of drafters to maintain the drawing files.)

I. Establish working relationships with other personnel

J. Dress and act in a manner acceptable to associates

S

0



INFORMATION SHEET

Job classifications and responsibilities within a manufacturing structure

A. Craftworkers--ProdUction, skill trades

B. Tectinicians--design, supervision, drafting, development, manufacturing

C. Non-registered technologists/errgineers--Design, supervision, drafting, de-
velopment, manufacturing

D. Registered engineers--Design, management

IX. Related occupations for a mechanical drafter

A. .EstimatOr-cost analyst

B. Inspector for quality control

C. Fabricator,of prototypes and models

,D. Manufacturing technician

E. Engineering aide

F. Sales repreientative for mechanical products

G. Technical illustrator

H. Numerical control programmer

I. Computer-aided drafter or designer

X. :Advantages and disadvantages of a mechanical drafting occupation

Advantages

1. Clean indoor working conditions

2. Open job market

3. Most versatile and largest demand of all grafting areas

4. Good fringe benefit package

5. Much overtime available

6. Sense of self-satisfaction and pride

.7. Good chance for advancement into higher paying occupations

8. Variety of challenging assignments

9. Opportunity to work alone on some projects

10. Individual drawing table and desk

1 a
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INFORMATION SHEET

B. Disadvantages

1. Relatively confined area

2. Long hours at times of peak productio

3. Responsibility to both management and production

4. Rigid accountability for accurate work

5. KnoWledge of many technical fields required

6. Competition for raises and promotion

7. Very little physical exercise

8. Rigid time limb for doing work

Xl. Mechanical drafting positions and minimum qualifications (Tiellearency 4)

A. Trainee

'1. High sch'ool diploma, or be successfully working toward one

2. Course Work i'reltionel drafting

(NOTE: There is often a minimum grade point average that is
in this course work.)

3. One yew' of algebra and one year of geometry,

4. Goqd character references

5. Good school attendance fecord

B. Drafter

1. High sChool diploma

2: Two or more years of vocational drafting

required

(NOTE: There is often a minimum grade point average that is required
in this course work.)

-3. One or two years of -algebra, one year of geometry, and one year of
trigdnometry

4. Good character references

5. Successful cempletion otan in-company training period

(NOTE! In some companies this cduld be as long as one year.) .

4 0
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C. ". .:Design Wafter or computer-aided design drafter

...

..
1. Associate degree or equivalent in mechanical desigrl technology or

design and drafting technology

2. 'Three years of drafting exgrience
.

...
3. Good working credentials

. 2,
D. Design technologist or computer-aided designer

1. Associate degree or equivalent or bachelor's degree- in mechanical
design technology, design and drafting technology, or mechanical
engineering

2. Five years of drafting experience in specialty area in place 6f bachelor's_
degree

'ISIMepood working credenlials

(NOTE:, They may h.ave engineer in their title, but they are not re-
quired to be licensed engineers)

M.*

E. Licensed engineir

1. Bachelor's or master's degree in engineerjng (4-5 yeah).

2. Successful completion of state examination fbr engineering spedalty
area e

,-.

3. Apprenticeship with 4-5 years of experience

XII. Important personality traits for unechanidal drafter
..

A. Ability to listen to and follow instructions well 6

B. Punctuality

C. Dependabirtty- .L

D: Ability to accept constructive criticism

E. Willingness to continue education

F. Ability to work quietly and patiently at detailed work for long hours

G. Flexibility to work alone at times and with others when needed

(NOTE: In addition to personality, personel appearance is very important.) .

1

4
1 I
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-INFORMATiON SHEET

1
X1)1. lmqortant related skills for a mechanical drafter

A. Speed 4I.
B. Ability to operate drafting equipment correctly

C. Manual dexterity

D. Communication skills

(NOTE: This should include langua:e arts skills such as grammar, punctua-
tion, and spelling.)

E. Knowledge of materials, components, and' manufacturing processes

F. Math skills

G. Ability to do neat, legible lettering

my. Evaluation areas for drafters (Traniparency 5)

4

A. Siieed

B. Accuracy

C. Completeness

D. Ability to get along with others

E. Ability to work unsupervised

E Ability to conserve materials and roan hours

XV. Evilu'ation areas for mechanical drawings (Transparendy 6)

A. Accuracy

"--"' B. Linework
6

C. Lettering

D. Overall neatness

E. Dimensioning

F. Reproducibility'

G. Spelling ind ute of abbreviations
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INFORMATION SHEET
4.

XVI. Abbreviations of professional organizations for mechanical drafters and designers -
A. AIDDAmerican Institute of Design and Drafting

B. SMESociety ef Manufacturing Engineers

C. ASME--American Society of Mechanical Engineers

D. AllEAmerican Instifute of Industrial Engineers

E. AIAA--American Institute of Aeronautics and Astronautics

F. JETSJunior Engineering Technical Society

G. ICETInstitute for Certification of Engineering Technicians

. H. NCGA--National Computer Graphics Association

(NOTki Some of these organizations have student chapters.)

XVII. Advantages of joining and/or participating in professional or§azations

A. Find out about job opportunities

B. Keep up with changing technology

C. Make contacts and new friends within the industry tosfind job openings

D. Obtain personal liPrary of technical reference material

E. Obtain certification credentials

(NOTE: Many of these credentials are recognized nationally. These can
be extremely important if a person wants to thange localities within the
United States.)

4 J
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Types of Mechanical Drafting

A. Product Related

+4.

1. Machines

2. Aerospace

3. 'Structural

4. Piping

5. Pmssum Vessel

6. Computer 'Graphics

7. Communications
-k

8. Sheet Metal

9. Aircraft

10. Ektrical Power

11. Farm Machinery..

12. Mechanical Power

13. Transportation

14. Power Generation

15. Military EquOment

16. Ships

17. Propulskm Systems

TM 1



Types of Mechanical. Drafting
(Continued)

B. Manufacturing Related.
1. .Mathines

2. Tool Design

3: Production _Design

4. Industrial Electronics

5. kommentation

6. Numer6l Cord

7. Plant LAjout

8. Estimating

9. Systern

10. Pow *gems
S.

MD - 19
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Industries That Employ -

Mechanical Drafters .

A. Transportation
B. Oil .,

. C. Manufacturing

. 6. Communication

E. Pipeline

F. Material Fabric;tion

G. Electronicsv
A

H....Military

1 Aerospace

Farm Machinery

allem

Ship Building

to

I

1

v

el

..

MD - 21
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Promotional Opportunities

Manager of Mechanical Design & Drafting Department

I

------.1.
Computer-Aided

-Designer
.

-: 9

-

Chief Desfgn Drafter

V.

,
O '4.

..
,...,_

q.-zL
Computir-Aide

Design Drafter

...

Che ker

Design Technokigist I : .

Senior Design

Technologist

MD - 23

Senior Drafter

o
..

r.

.
-Drafter,

t

1 Trainee I

r

.

Design Drafter

Technician

,

f

P

TM 4
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Check List for Evaluating
a Mechanical Drafter

. . A. Speed

B. ActOra,cy

-

C. Completeness

D. Ability tO Get Along with Others

E. Ability to Work Unsupervised

, F Ability to Conservelftterials

.1

and Man Hours



Check List for Mechanical Drawings

A. Accuracy

Lipework .*
2'

C. Lettering

D. Overall Neatnes.s

E. Diniensioning

F. ReprOducibility

G. 'Spelling-and
Use of Abbreviations

Awf)

MEY- 27
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:ORIENTATION
UNIT I

ASSIGNMENT SHEET #1--INTERVIEW A MECHANICAL DRAFTER

Directions: Make an appointment with a mechanidal drafter who is presentry emploVed in
that capacity. Ask the following questions and recoul the. answers in the blanks-provided.

1. What is your career title?'
0

2; What tasks.do you perform on the job?

.

3. What educational training and occupational experience is required for this job?

4. What personality traits are most important in your field?

5. What skills and knowledge are required in this occupation?

b. What is the approximate starting salary of workers in your occupation?

4,-

7. What is the employment outlook for the future in this career?

5

MD 29
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.-

AS&NMENT SHEET #1

8. What are the possibilitiesor advancement in this field?

S.

9. What is your favorite part of this job?

10. What is your least.favorite part of the job?

-t

51
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ORIENTATIONi*.
UNIT I

ASSIGNMENT SHEET'#2--OBSERVE A M'ECHANICAL DRAFTER

Directions: After you finish Assignment Sheet #1, ask the mechanical drafter if you could
watch quietly for'about an hour in order to observe the drafter's work habits. Make com-
ments in the blanks provided, and rate in the following areas:

1. Speed

2. Accuracy

3. Completeness

A. Ability to get alqng with others

5. Ability to work unsupervised

MD - 31

EXCELLENT G006 FAIR

.,

r

.

,

,
..

..,.,

o

,

II

,
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..

r

..

_

1

I

II

,.........

ASSIGNMENT SHEET #2

,

. ,
6. Ability to conserve materials and man hours

' .,

i

'

EXCELLENT GOOD FAIR

. - a

.'. (NOTE: You may not be able to give a fair evaluation for all areas in only one hour, but rate
what you see to the best of your ability.)



\

,

.._

,

1

ORIENTATION
UNIT I

ASSIGNMENT SHEET #3--EVALUATk A MECHANICAL DRAWING.

Directions: Evaluate a mechanical drawing of 'a fellow student or one provided 6y the
, instructor. Make 'comments in the blanks provided and evaluate in the following areas:

,

11

1. Accuracy

,

. 2. Linework

J

,

-

3. Lettering

-
4. Overall neatness

5. Dimensioning

EXCELLENT GOOD FAiR

.

. .

_

-..

t
0

. .

1 .
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, 6. ReProducibiliiy

-

,

,

ASSIGNMENT SHEET #3

7. Spelling and.use of abbreviations,

tv

EXCELLENT GOOD FAIR

. .

I

.
0

I

f.

,

il

1

I

(NOTE: You may want to actually reproduce the drawing, or ask the instructor how well,
,it would reproduce.)

41a
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ORIENTATION
UNIT I

NAME

TEST -L--- .

Ji*

4F

MD 35

1. Match the terms on the right with the correct-definitions.

a. Engineer,teChnologist, or technician
who has inventiveness and technical
specialty

b. Craftworkers, technicians, technologists,
engineers, and icientists organized to
solve a complex technical problem in a
manufacturing environment

,

c. Design of a product or redesign of a
product for consumers

d. Technician, technologist, or engineer
specialist that works in either product
design' and/or manufacturing design

e. Specialist in the technical details of
solving an engineering problem; works as
liaison between engineer and technician

f. Design of tools, fixtures, and machines
for manufacturirig a product

g. ClassifiCation of industries according
to level of engineering complexity

2. Define mechanical drafting. I

1. Product design

2. Mechanical designer

3. Technologist

4. Level of
technology

5. Technological
team

6. Designer_

7. Manufacturing
design

1

3. List eight areas of specialization in mechanical drafting.

a.

b.

d.

/

..

. .
IL, )

4
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c
e. . g.

is-

f. .t..

g.

h. '
-...

4. List six industries that employ mechanical drafters.

a.

b.

d. ,

e.

f.

-

4.11..._

/*

S. Match the job titles on the right with the correct job descriptions.

a. Coordinates production deadlines and 1. Trainee

2. Junior drafter

3. Drafter

4. Senior drafter

-cost analysis

b. Handles complete design assignment
, with minimum supervision

c. Traces or copies drawings made by
others

xl. Exercises considerable judgment in lay-
5. Checker

6. Design drafter
technician

7. Design technologist

out

e. May make simple detail and assembly
drawings

1
f. Is completely familiar with drafting' , 8. Senior' design

technologist

9. Chief design
drafter

standards ....---

g. Works with statics, strength of material,
machine design, kinematics, and mecha-

nisms \

h. Checks all final drawings for errors
10. Computer-aided

design drafter
\

I
,

i. Has typing skills if input is by key-) 1 1 . Computer-aided
designerboard

j. Is in charge of hiring and firing
4

. k. Has computer programming skills

-
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6. Arrange in order the steps in mechanical design and drafting work by placing the
correct sequence numbers in the appropriate blanks.

a. brawing release for production

b. Revisions

c. Engineer's approval

d. Corrections

e. Prints made and sent to fabricators

f. Checking

g. Set of working drawings

h. Parts list and/or materials list and specifications

i. Preliminary design layout and/or rough sketches

7. Select duties of a mechanical drafter by placing an "X" in the appropriate btnks.

a. Visit construction site

b. Make necessary revisions and corrections on drawings that have been com-
pleted

c. Compile bill of materials and/or parts list

d. 134W blueprints and interpret engineering sketches

'

e. Supervise construction crew

f. Prepare working dravyings

g. Type office correspondence

'1411 h. Use all drafting equipment for mechanical drafters

Er. Match the job classifications..qatte right wilit) the correct responsibilities within a
mahufacturing structure.. 1. Registered

a. Design, supervision, drafting, develop- engineers
ment, manufacturing

,

b. Design, management

c. Production, skill trades

9. I, List five related occupations for a mechanical drafter.

a.

b.

c.

2. Non-registered
technologists/
engineers

3. Technicians

4, Craftworkers



38

p.

d..

e.

10. Distinguish between the advantages and disadvantages of a mechanical drafting occupa-
tion by placing an "X" next to the advantage,.

a. Relatively confined area

b. Open job market

c. Good-chance for advancement Into higher paying occupations

d. Very little physical exercise

e. Responsibility to both managern6nt and production

f.

9.

Much overtime available

Good iringe benefit package

11. Match the mechanical drafting positions on the right with the correct minimum quali-
.ications.

(NOTE: Some qualifications Can be answered by more than one position.)

a. Course work in vocational drafting

b. Successful completion of state examina-
tion for engineering specialty area

c. Three years of drafting experience

d. Five years of drafting experience in
specialty area in place of bachelorli
degree

e. Associate degree or equivalent in me-
chanical design technology or design
and drafting technology

f. Bachelor's or master's degree in engineer-
ing

12. List four important personality traits for a mechanical drafter.

a.

b.

C.

d.

1. Trainee

2. Drafter

3. Design drafter or
computer-aided
design drafter

4. Design technologist
or computer-aided
designer

5. Licensed engineer



13. Select important related skills for a mechanical drafter by placing an in the
appropriate blanks.

--,---a. Slow

b. Ability to operate drafting equipment correctly

c. Manual dexterity

Ad. Ability to do survey work

e. Knowledge of materials, components, and manufacturing processes

f. Math skills

e
g. Ability to do neat, legible lettering

14. Complete the follor/ing list of evaluation aivas for drafters.

a. Speed

b.

c. Completeness

d.

e. Ability to work unsupervised

f. Ability to conserve materials and man hours

..011w

15. Select evaluation areas for mechanical drawings by placing an "X" in the appropriate
blanks.

a. Letter-ing

b. Cleverness of design

c. Linework

d. Dimensioning

16. Define the following abbreviations of professional organizations for mechanical draft-
ers and designers.

a. AllE--

b. SME--

c. AIDD--

d. ICET--
Ilk

GO

MD - 39
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I
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,

1111111...

-17. Select ath/antages of joining and/or participating in professional organizations by
placing an "X" in the appropriate blanks.

a. Make contacts and new friends within the inaustry to find job opanings

b. Obtain certification credentials

c. Requires dues to be paid for membership
....

d. Keep Up with changing technology

e. May take. away from family time once a month

18. Demonstrate the ability to: .

a. Interview a mechanical drafter.

b. Observ*a mechanical drafter..

c. Evaluate a mechanical drawing,

(NOTE: If these activities have not been accomphsr,ea prior to the test, ask your
instructor when they should be completed.)

MD
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9.

3
7
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, ORIENTATION
UNIT I

ANSWERS TO TEST

fbr
I

.

MD - 41

m2. Meihanical drafting--Form- of drafting of mechanical parts and asseMblies so that i
a product or manufacturing process can be produced

3. Any eight of the following:
(

a. Machines j. Electrical power s. Production design
b. Aerospace k. Farm machinery t. Industrial electronics
c. Structural I. Mechanical power U. Instrumentation
d. Piping m. Transportation v. Numerical control
e. Pressure vessel n. Power generation w. Plant layout
f. Computer graphics o. Military equipment x. Estimating
9. Communication p. Ships y. Systems
h. Sheet metal q. Propulsion systems z. Power systems
i. Aircraft r. Tool design

4. Any six of the following:

5.

6.

7.

8.

a. Transportation 9. Electronics
b. Oil h. Military
c. Manufacturing i. Aerospace
d. Communication I. Farm machinery
e. Pipeline k. Power generation
f. Material fabrication I. Ship building_

\

a. 8 f... Any except 1 or 2 k. 11
b. 6 g. 6, 7 .
c. 1 h. 5
d. 4 i. 10 or 11
e. 2 j. 9

a. 7 f. 4
b. 8 9. 2
c. 6 h. 3
d. 5 i. 1

e. 9 -

b, c, d, f, h

a. 2, 3 c. 4
b. 1

t



42

9. Any five of the following:

a. Estimator-cost analyst
b. Inspector for quality control
c. Fabricator of prototypes and models
d. Manufacturing technician
e. Engineering aide
f. Sales representative for mechanical products
g. Technical illustrator
h. Numerical control programmer
i. Computer-aided drafter.or designer

10. b, c, f, g

11. a. 1,2 c. 3
b. 5 d. 4

12. Any four of the following:

e. 3, 4
f. 5

a. Ability to listen to and follow instructions well
b. Punctuality
c. Dependablity .

d. Ability to accept constructive criticism
e. Willingness to continue education
f. Ability to work quietly and patiently at detailed work for long hours
g. Flexibility to work alone at times and with others when needed

13. b, c, e, f, g

14. b. Accuracy
d. Ability to get along with others

15. a, c, d

16. a. American Institute of Industrial Engineers
b. Society of Manufacturing Engineers
c. American Institute of Design and Drafting
d. Institute for Certification of Engineering Technicians

17. a, b, d

18. Evaluated to the satisfaction of the instructor

41i



TOOLS AND EQUIPMENT
UNIT II

UNIT OBJECTIVE

\ MD 43

After completion of this unit, the student should be able to identify tools and equipment
and use the equipment to solve problems. This knowledge will be evidenced by correctly
performing the procedures outlined in the assignment and job sheets and by scoring 85
percent on the unit test.

(NOTE: Students are expected'to have covered units on tools, equipment, and scales from
Basic Drafting, Book One before attempting this unit.)

SPECIFIC OBJECTIVES

After cempletion of this unit, the student should be able to:

1. Match terms related to tools and equipment With the correct definitions.

2. Complete a list of mechanical templates.

3. Match machinist precisiop measuring instruments with the correct functions.
41.

4. Identify types of welding measuring instruments.

5. Identify types of scales used in mechanical jrafting.

6. Naqii the primary metric unit of measurement used in mechanical drafting.

7. Classify the scale used in mechanical drafting.

8. Complete a list of hand calculator functions.

9. DistingUish between the types of keyboard sequences used in hand calculatcirs.

10. Demonstrate the ability to:

a. Read micrometer settings.

b. Read vernier calipers.

c. Measure with scales.

d. , Compute mechanical drafting problems using a hand calculator.

e. Use a micrometer.

f. Use a vernier caliper.
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TOOLS AND EQUIPMENT)
UNIT II

SUGGESTED ACTIVITIES

I. Provide student with objedtive sheet.

11. Provide student with information, assignment, and job sheets.

III. Make transparencies.

IV., , Discuss unit and specific objectives.

V. Discuss information and assignment sheets,

VI. Demonstrate and discuss the procedures outlined in the job sheets.

.MD 45

VII. Invite a machinist and/or welder to class to discuss measuring devices.

VIII. Display searal types of tools and related items used in various machine and weld-
ing shops.

-
IX. Allow students to measure with devices. ........"'

X. Discuss the imporlance of accuracy and precision with students.

Xl. Use a computer, if available along-with the hand calculator in Assignment Sheet
#6.

(NOTE: Students who normally have problems with math seerh, to Master the
calculator without much problem once they figure out sequences.)

XII. Refer to Basic Drafting, Book Two for teaching skills related to construction of
tangents and ellipses.

XIII. Show template catalog.

XIV. GiYe test.

INSTRUCTIONAL MATERIALS

t

v

I. Included in this unit:

A. Objective sheet

B. Information sheet

C. Transparency masters

1. TM 1--Templates--General Purpose

, 2. TM 2-Temples-Threaded Fasteners

3. TM 3-Templates-Ellipses
v
i

410D
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.

.

I

4. TM 4--Templates--Miscellaneous

I
5. TM 5-Types of Machinist Rules

6. TM 6--Uses of Rules--Measurement Transfer

7. TM 7--Uses of Rules

8. TM 8--Outside Micrometer Parts

9. TM 9--Reading a Micrometer

10. TM 10-Parts of the Inside Micrometer

..
11. TM 11--Inside Micrometer Set

12. TM 12-Uses it the Inside Micrometer .

13. TM 13--Uses of the Inside Micrometer (Continued)
.......

14. TM 14-PartS of a Depth Micrometer

15. TM 15--Uses of the Depth Micrometer

4 16. TM 16--Machinist Precision Instruments

17. TM 17--Machinist Precision Instruments (Continued)

18. TM 18--Dial and Vernier Calipers

19. TM 19 --Vernier Scales
Ills

20. TM 20-Welding Measuring Instruments

21. TM 21--Mechanical Engineer Scale

22. TM 22-Machinist Steel Rules

23. TM 23--Algebraic Keyboard

24. TM 24--Hand Calculator Keyboard Sequences

D., Assignment Sheets

1. Assignment Sheet #1--Read Micrometer Settings

2. Assignment Sheet #2--Read Vernier Calipers

3. Assignment Sheet #3--Measure with Scales

4. Assignment Sheet #4--Compute Mechanical Drafting Problems Using A
Hand Calculator

,

i



E. Answers to assignment sheets

F. Job sheets

1. Job Sheet #1--Use a Micrometer

2. Job Sheet.#2--Use a Vernier Caliper

G. Test 141

H. Answers to test

II. References:

dr
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A.
Giesecke, Frederick E., et al. Technical Drawing. New York 10022: Map-
millan Publishing Co., Inc., 1980.

B. Wallach, Paul. Metric Drafting, Encino, CA: Glencoe Publishing Co., Inc.,
1979.

C. Beakly, George and H.W. Leach. The Slide Rule Electronic Hand Calculator
and Metrification in Problem Solving. New, York 10022: Macmillan Pub-
lishing Co., 1975.

D. Amsbad, B.H., P.F. Ostwald, and M. L. Begeman. Manufacturing Processes.
New York: John Wiley and Sons, 1977.

E. Machine Shop. Stillwater, OK: Oklahoma Trade and Industri§LE'ducation/
Oklahoma State Department of Vocational and Technical EdMion, 1972.,

F. Calculator Users Guide and Dictionary. Charles J. Sippl Matrix Publishers,
Inc., 1976.
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TOOLS AND EQUIPMENT,
UNIT II

INFORMATION SHEET

I. Terms and definitions

A. Template--A thin, flat, plastic tool with various size openings of different
shapes used to expedite.the drawing of standard features

B. Precision instrumentsInstruments used by machinists to measure and
gage products

(NOTE: Gage is often shelled gauge.)

Transfer artwork--Preprinted letters, symbols, and shading that can be
rubbed on or cut out for drawings to save drafting time

D. Scale--Instrument used as a standard of reference when drawing an object to
a proportional size

E. Hand calculator--Calculating device to solve mathematical problems

F. Logic--Arrangement of a sequence of operations

Gk Datums--Points, lines, or other geometric shapes assumed to be exact from
which the location or geometric form of features of a part may be estimated

Mechanical templates (Transparencies 1-4)

A. General purpose

1. Circles

2.. Squares

3. Arrows

4. Hexagons

5. Octagons

6. Triangles

. Welding

C. Threaded fasteners

1. Nuts

2. Bolts

3. Screws

4. Threads

-

"MD 49
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INFORMATION SHEET

D. Springs

E. Three dimensional

1. Projection ellipses

2. Isometric ellipses

, 3. Isometric hexagon bolt heads and nuts

4. Projection hexagon bolt heads and nuts

III. Machinist precision measuring instruments and functions (Transparencies 519)

(NOTE: Machinist precision measuring instrurgents are expensive and .should
. be handled with care and,stored properly.)

hf. RulesDistance measurements

8. Outside micrometerAccurate outside measurements

C, Inside hicrometer--Accurate insidemeasurements

D. Depth micrOmeter--Depth of slots Of holes from datum surfaces

E. Caliper--Approximate internaland external meas.urements
,4

F. Niernier,caliper--Both inside and outside measurements

G. (IL caliper:-Continuous reading and dial test indicators for gaging
.

INOTE: The dial,Olithis caliper may lae metric.)

Heigbt transfer gage for silfaces--Accurate parallel surface measurements

t Sine bar--Accurate angle measurements ....
. .

J. Dial ihdicator gago-,Alignment, eccentricity, or deviations on surfaces

H K. Snap mt.-Plain external dimensions for "go" or "nO go" gaging
4..

L. Plug gegelnternal dimensions of holes for ,"go;'. or "no go" gaging

M. pividerDimension transfers and circle scOrie's1

N. Optical comparatorComparison of finished part to a master or lities on
a screen

,

(NOTE: Theseinstruments are Vei'y accurate in measurement, location of datums,
and gaing Of surfacesand holes. These instruments may be calibrited in decimags
o'f an inch or metric.

1.4

0
C;3

4111
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INFORMATION SHEET

IV. Types of welding measuring instruments (Transparency 20)

A. Combination square

B. Steel rule

C. Steel square
41,

D. Tapes

E. Outside caliper

F. Inside caliper

V. Types of scales used in mechanical.drafting (Transparencies 21 and 22)

A. Mechanical engineer scale

B. Machinigt steel rule
..

C. kletric scale

0
Primary. metric ;unit of measurement used in mechanical drafting--Millimeter

(NOTE: 'T.he miter and kilometer are secondary icales. The cenlimeter and
decimeterare direly used.)

VII: Scales used _.111.rnechanica1 drafting

A. Mechanical engineer scale (Transparency 21)
,

(NOTE:, Reval "Mechanical Engineer's Scale Usage," Unit VII, of Basic
Qrafting, Book One for use of these scales.) .

1. Fractions (setale ratio)-Open aiyided

ar. 1"=1"--Full size
,

. 1/2"=1"--Haif size

c. 1/4".1"--Quarter size

d. 1/8"=1"-:One-eighth size

2. Decimal-Full divided

a. 10 parts per inch-Each division equals .1"

b. 50 parts per inch--Each division equals .02"

'MD - 51
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INFORMATION SHEET

B. Machinist steel rule (common) (Transparency 22)

1. FractionsEnglish

a. 32 parts per inch--Each division equals 1/32"

b. 64 parts per inchEach division equals 1/64" '

2. DecimalEnglish

a. 10 parts per inchEach division equals .1"

b. 50 parts per inch--Each division9equals .02"

3. MaricIS

(NOTE: Review "Metric Scale Usage," Unit VIII, of Basic Drafiing,
Boqk One for use of these scales.)

a. Millimeters (mm)--Each division equals 1mm

b. 1/2 millimeters--Each division equals .5mm

(NOTE: Machinist steel rures may be found in various combinations
,f of fractions, decimals, and inetrics in the common scales above or

other scales.)

C. Metric f.cale

1. 1:1

2., 1:2

3. 1:3

4. 1:5

6, 1 : 1

VIII. Hand calculator functions (Transparency 23)

A. Primary

1. Add

2. St,btract
_

3. Multiply

4. Divide

alb
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INFORMATION SHEET

B. Secondary

1. Reciprocal

2. Square

3: Square root

4. Logarithm

'. 5. Trigonometric

6. Storage (memory)

7. Antilogarithm

8. Anwlar mode (radians-degrees)

9. Hyperbolic

IX. Types of keyboard sequences used in hand calculators (Transparency 24)

A. Lukasciewicz

Is referredto as "reverse Polish"

2. Has operational stack

3. Usually takes fewer steps

B. Algebraic

1. Is easy to master

2. Sometimes takes more steps

)

I
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TeMplates

General Purpose

_
" .
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Professional Arrow
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ill ei

01111111111111

111

Square Template

.... 11 Alb

Triangles/Diamoixls'-

II

. . .
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A A
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eneral Purpose

4).0010011100
Circle,Mistér

Dimensioning Arrows
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Templates
Threaded Fasteners

1
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Screw Threads
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Nut Bolt and Screw Template
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Springs and Screw Threads Smell Machine Screw Template

_

iiiii -- I .
, . ___,..

.4 4 4 4
6
,

Standard Screw Heads

N.

...
Courtesy of
Chartpak-Pickett
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Templates
Ellipses
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Isometric Ellipse

4111110 4.0 0 0
11: ID 0 0 0

410 0 0 0= 0

r.

; MD 59

Ai

a

- Laige Isorn'etilc Ellipse

........4000000
60000w...11e

...cmotoONOO
IIIIIMmolim.

Master Ellipse . - Master Ellipse
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. MD: 105. ,

,

, e

4d,
.

ASSIGNME,NT SHEET #2--READ VERNIER CALIPERS

(NOTE Students shoUld complete Jo:b Sheet #2 before attempting,this assignment
1.

.

Directions. Read the vernier caliper settings below, 'and place your answers in the blanks
prpvided at the right -of the page.

Problems.

A. 25 graddations--inch

1.

2.

B 50 graduations--inch

,

1

2.

Answers

I

1

,

...
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. ,r - ASSIGNMENT SHEET #2

4.

C. Metric

?

1.

,

2. 2. -

.,r

1

;.
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ASSIGNMENT SHEET #2

3. 3.

4.,

On

4.

A
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TOOLS AND'EQU-IPMENT
UNIT II

ASSIGNMENT SHEET #3--MEASURE WITH SCALES

Directions: Measure the lines A through H using each of the scales indicated at the top of
each column in the following tables. Place the scale readings in "the appropriate spaces
in the tables.

Example: Measure line "A" with a mechanical engineer scale with inches reading
ift5Oths. A reading of 3.89" is obtained. This dimension is placed under
the decimal column of the meitanical engineer scale table.

Problems:

B.

C.

D.

E.

F.

G.

H.,
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ASSIGNMENT SHEET #3

MECHANICAL
,

_

ENGINEER SCALE METRIC SCALE (mm!
(One place)

DECIMAL
1" = 1".

(2 Places)

_

FRACTIONS
1/2" = 1" 1/4" = 1"
(Nearest (Neal est
32nd) 16th)

,

1:1
(One place)

-

1'2
(Nearest mm)

.

1 5
(Nearest mm)

A 3.89

. .

,

B

C .

D

.ffE

F .

. .

.

G

.

H / ,

.
,

MA ,-.1 k,!NIST STEEL RULE
(Full Scale)

FRACTIONS
(NEAREST 1/64)

DECIMAL
(NEAREST .02)

METRIC
(NEAREST mmtk

.

METRIC
(NEAREST 1/2 mm)

_

_

B

. .

C

.---,
. .

D

,

.

. . .

F

_

H
, .
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TOOLS AND EQUIPMENT
UNIT II

ASSIGNMEAT SHEET #4--COMPUTE MECHANICAL DRAFTING
PROBLEMS USING A HAND CALCULATOR

Directions. On engineering grid paper, compu,te the mechanical. drafting problems using
a hand calculator wall trigonometry functions. You are given' an example for each, type
of piloblem to be used as a guideline. Each example is immediately follovyed by the specific
problem(s) that you need to solve.

Example A: Make calculations for centering a drawing (Figure 1)

1. FiidW

X

---eHorizontal Dimension

FIGURE 1

(

A + B + C = W, if A=60, B-,=50, C=30, then 60 + 50 + 30 + = 140mm

2. Find K

Hohzontal dimensiOn W = K, if horizontal dimension = 240, then 240 140 =
-1,00mm

3. Find X

K -:- 2 = X = lefi and right' space, if K = 100, then X = 100 2 = 50mm (space
on both Jeft and right)

Problem A:

F6nd X in the following layout
dimensions (Figure 2)

FIGURE 2

e .

1

1.4.351.1 43 25
,... .3......-ci

240mm
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ASSIGNMENT SHEET #4

2. Find X in the following layout dimensions (Figure 3)
,

(NOTE: Convert frictions to decimals by dividing top (numerator) by bottom
(denominator.) Example: 5/8 = 5-8 = .625.)

X=

16"

10"

FIGURE 3

3. Find X in the following layout diMensions (Figure 4)

X 5.62 13.75 I 4.3421
- 4

1 33"
FIGURE 4



ASSIGNMENT SHEET #4

Example 8: Make triangle calculations

, MD - 113

1. Find "R" distance using the following steps on the hand calculator: (Figure5)

.a. (AB)2 = (BC)2 + (CA)2

b.

c. R2 = 25 + 144

d. R2 = T69

e. R =11-1-6-9- '74 13

FIGURE 5

2. Find 'LX" distande usiog the following steps on the hand calculator: (Figure
6)

B

a. (AO = (BC)2 + (CA)2

b. (13)2 = (BC)2 + (12)2

c. 169 = (BC)2 + 144

d. 169 144 = (BO

el 25 = (BC)2

f. 1-2%- = BC

g. 5-= BC = X

FIGURE 6
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b.

ASSIGNMENT SHEET #4

. Problem B:

1. Calculate R (Figure 7) R =

2, Calculate X (Figure 8) X

FIGURE 7

,

t.

(NOTE: If you should need to find the area for triangles, use the following
formula: 'Area = 1/2 x OpposiM side x Adjacent side. See Figure 9.) %

,



A
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ASSIGNMENT SHCET

.

(NOTE: If you should need to find .th'e.7rea of an oblique4riangle, ce the
following forrrpla: Area = 1/2 x Base x Altitude. See.F,hgure 10.)

,

Altitude

Base .

FIGURE 10

I

Example C: Make circle calculations by using the following formulas:

Area = 7rR2 ir(D)2 and Circumference = irD = 2irR (Figure 11)
a

4

(NOTE:,Use 3.1416 =

1. Find area

a. Use area = irR2.and radii = 2"

Area = 3.1416 (2)2
\= 3.1416 (4)

12.566

OTE: Diameter = 2R.)

b. Use area =7.(P)2
4

Area =
3.1416 (4)2

4

= 12.566

,

'Find circumference

a. Use circumference = 2irR and radii.= 3"

Circumference = 2 (3.1416) 3
= 18.,850

b, Use circuiVierence = irD

tentittmference = 3.1416 (6)
= 18.850

'4

. FIGURE 11

MD 115
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ASSIGNMENT SHEET #4

Problem C:

1. Calculate area of a 6.32" diameter circle

k=

2. Calculate area of a 4.5" radius circle

A=

-

3. Calculate circumference af a 3 7/8" diameter circle

C=

4. Calculate circuniference of a 1.75" radius circle

"34

C=

Example D: Make rectangle calculations by using the following formulas:

Area = Base x Height; Diagonal (Base)2 + (Height)2
5

(NOTE Diagonal of the rectangle and 'hypotenuse of the triangle formed are the
"same. See Figure 1_2.)

Base

Height

FIGURE 12



ASSIGNMENT SHEET #4

1: Find area of rectàngle

a. -Base is 4mmand height is 2mm

b. Aree= Base x height
= 4mm x 2mm
= 8mm2

2. Find diagonal of i-ectangle

a. Base is 4mm and height is 2mm

b. Diagonal 1/(Base)2 + (Height)2

= 1r(4mm12 + (2mm)2

= V16mm2 + 4mm2

= 4.141=21

Problem D:

1. Calculate area of a rectangle 7.75" x 12.32"

A=

2. Calculate diagonal of a i-ectangle 4.59" x.8.79"

MD 117
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TOOLS AND EQUIPMENT
UNIT II \,

ANSWERS TO ASSIGNMENT SFICETS

Assignm t Sheet #1

A. 0.871 B. 1. 6.7,5 mm
0

0.226 2. 3.68 mm
..

3. 0.184 3. 8.78 mm

4. 0.291
it

4. 14.26 mm

5. 0.086 5. 10.61 mm
*

6. 0.023 6. 3.85 mm

7. 0.500 VIP

8. 0.342

9, 0.047
w111111 0

10. 0.125

11. 0.613

12. 0.250

J.'
13. 0.012 -

Assignment Sheet #2

A. 1. .321

2. 3.067
\

B. 1. 4.603.

2. 1.317 *

C. 1. 18.22

2. 20.62
I

3. 6.70

4. 19.94

r

MD 119
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Assignment Sheet #3

MECHANICAL ENGINEER SCALE METRIC SCALE (mm)
1

(One ptace)
i

DECIMAL
1" = 1"

(2 Places)

FRACTIONS
1/2" = 1" 11 1"
(Nearest (Nea est
32nd) 16t )

1:1
(One place)

4#.

1:2 '%,

(Nearest mm) (Nearest

\\

1:5
mm)

'A 1.89 7 25/32 15 9/16 98.8 198 494

3.31 6/8 13 1/4 84.0 168 20

C 5.39 10 25/32 .21 9/16 136.9 274 080

D .36 2432 1 7/16 9.2 18 46

E 2.41 4 13/16 9 5/8 60.5 121 303

F 4.33 8 21/32 17 5/16 109.7 219 549

4.98 10 31/32 19 15/16 125-.-6 251 628

H .1.38 2 3/4 5 1/2 35.0 70 175

,
.

MACHINIST STEEL RULE.
(Full Scale)

,

FRACTIONS
(NEAREST 1/64)

DECIMAL
(NEAREST .02)

,

METRIC
, (NEAREST mm)

MET IC
(NEAREST 1/2 mm)

r

3 57/64 3.88 99 . 99.0
.

3 5/16

_

3.40 84 84.0,

5 25/64 5.40 137 137.0

23/64 .36 9 9.0

E 2 13/32 2.40 61 160.5

F 4 21/64 2.32 110 10 '

4 63/64 4.98 i 126 125.5

H 1 3/8 1.38 35 35.0
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Assignmdnt Sheet #4

A. 1. X -= 68.5

2. X = 1.28
-

.I.

3. X = 4.64 -

B. 1. R = 20.2485"

2. X = 9.3808"

C. 1. A = 31.3707 in.2

2. A = 63.6173 in.2

3. C = 2.7489"

. 4. C = 10.9956"

D. 1, A = 95,48 in.2 A

2. D = 9.916

1-,

;

4
.

,
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TOOLS AND EQUIPMEINT
UNIT II

JOB SHEET #1--USE A MICROMETER .

...

. I. Tools and equipment

I,

0

.......ManyinMEMMINIV

. A. Micrometers (plain)

1. (0-1.000") size

.- ,. 2. (1.000"-2.000") size

(CAUTION: Handle i

B. Workpieces

. 1. Assortment (5) fractional drill bits (new)

2. Assortment (5) letter size drill bits (new)

.. ..,

ruments with care.)

MD 123
(--.

3. Assortment (5) pieces of cold rolled stock, machined parts, or h ened
dowels

4. One workpiece mounted stationary
,

(NOTE: All workpieces should be numbered for reference.)

II. Procedure

-:

e

I

,

A. Clean all workpieces to be measured and -make sure they are free of burrs,
nicks, or dents

El, Number all workpieco for reference

C. Clean the spindle and anvil of the micrometer (Figure 1)

Figure 1

CLEAN SPINDLE AND ANVIL r

Cloth or Paper

,

1"

,
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,

_

JOB SHEET #1

. D. Check the micrometerirt.zero reference

t

E. Hold the micrometer in the right hand and the workpiece in the left hand
to meaiure non-stationary objects (Figure 2)..

Figure 2

NON-STATIONARY OBJECT /

,

F. Hold the micrometer in both hands to measure a stationary object (Figure 3)

Figure 3

,

-

e

STATIONARY OBJECT

;
-
I

.. .

.
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JOB SHEET #1

MD - 125 $

G. Roll micrometer along palm of hand or forearm for .quick .adjustment

Figure 4

(Figure 4)

-
H. Place the micrometer directly over the center of the workpiece to be mea-

sured.

ROLL FOR QUICK
ADJUSTMENT

(NOTE: Use proper size micrometer for the job.)

I. Turn the thimble of the micrometer until the anvil and spindle contaCt
the workpiece

J. Hold the anvil steady, and move the siiindle lightly over the workpiece
to locate the true diameter (Figure 5)

-

Figure 5

WORK BACK AND FORTH
TO FIND TRUE DIAMETER

I

-1.
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JbB SHEET #1

'

K. Use ratchet stop or light sense of touch to determine exact measurement

L. Observe micrometer readings

(NOTE: Lock nut can be turned to hold measurement if micrometer must
be removed from workpiece. Spindle must be unlocked before resetting
to a new measurement.)

List the readings accordirig o tile letter or number on the workpiece

1. Workpiece #1

2. Workpiece #2

3. Workpiece #3

4. Workpiece #4

5. Workpiece #6,

6. Stationary workpiece

N. Leave the spindle and anvil of the micrometer open

0. Return the micrometer to its correct storage

P. Hand in listed readings to the instructor for evaluation
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TOOLS AND EQUIPMENT
UNIT II

JOB-SHEET #2--US A VERNIER CALIPER

I. Tools and equipment

A. Vernier caliper--Inch, 25 or 50 divisions

B. Vernier caliper--Metric

(NOTE: A combination inch and metric vernier caliper may be used.)

(CAUTION: Handle instruments with care.)

C. Workpieces

1. Assortment (5) pieces of cold rolled stock, machine parts, or hardened
dowels

2. One workpiece mounted stationary

(NOTE: All work'pieces should be numbered for reference.)

II. Procedure

A. Clean all workpieces to be measured and make sure they are free of burrs,
nicks, or dents

B. Number all workpieces fOr reference

C. Clean the vernier caliper's jawsr,

D. Slide movable jaws by releasing clamp screws (Figure )1

FIGURE 1

Clamp Screws

3 7/' 4

1

Vernier Caliper

I for%
4.

a

f..

- 127
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JOB SHEET #2

E. Slide jaws over workpieces to be measured

(NOTE Use fine adjustment nut to get a more accurate reading.)

F. Tighten clamp screws with fingers and remove workpiece, or in the case
of stationary workpiece, remove caliper

G. Read an inch vernier caliper--25 divisions (Figure 2)

FIGURE 2

1. Read to the left of the vernier scale zero the last large number above
the main scale for the number of whole inches

E xample: 1.00011

2. Read to the left of the vernier scale zero the last small number above
the main scale for the number in tenths

Example: 4

3. Multiply this number by .100

Example: 4 x .100 = .400"

4. Count the number of graduations from the small number to zero on
the vernier scale

Example: 1

5. Multiply this number by .025

Example: 1 x .025 = .025"

6. Look at the graduations on the vernier scare and the graduations
on the bar; find which two graduation linesline up

41.

7. CoUnt over from zerb to where the two line up

8. Multiply this number by .001

Example: 11 x .poi = :011

'0.4
4,We



9. Add tip each part

Example:

JOB SHEET #2

1.000
,400
.025
.011

Answer 1.436"

,

H. Read an inch vernier caliper--50 divisions (Figure 3)

FIGURE 3
Metric \

. Inch

_

I

_

\

MD - 129 :

1. Read to the left of the main inch vernier scale zero the last large num-
ber above the main inch vernier plate on the bar for the number of
whole inches

Example: 1.000

2. Read tii the left of the vernier scale zero the last small number above
the main inch vernier plate on the bar for the number in tenths

Example: 0 x .1 = 000

3. Count the number of graduations from small number to zera on the
vernier scale .

4. Multiply the number by .050
..,

Example: 1 x .050 = .050

5. Look at the graduations on the vernier scale and the graduations
on the bar; find which two graduation lines line up .

6. Count over from zero to where the.two line up

7. Multiply this number by .001

Exarnpre: 14 x .001 = .014 t

.0

(

1
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8. Add up each part

JOB SHEET #2

Example: 1.000
.000
.050
.014

Answer 1.064"

I. Read a metric vernier caliper (Figure 3.)

1. Read to the left of the main 'metric vernier scale zero the number
on the bar; the number represents the number of milliveters

Example: 20mm

(NOTE: In Transparency 19, the number must be multiplied by 10 to
get the number of millimeters.)

2. Read the number of graduation lines from the number to zero

3. Multiply this number by 1mm

Example:17 x 1 = 7mm

4. Look at the *aduations on the main metric vernier scale and the
graduations on the bar; find which two graduation lines line up

5. Count over from zero to where the two line up; each graduate is .02

Example: .42

6: Add up each part

Example: 20. mm
7. mm

.42mm
Answer 27,42mm

J. List the readings for the inch or etric vernier caliper according to the
number on the workpiece

1. Workpiece #1

2. Workpiece #

3. Workpiece #3

4: Workpiece #4

5. Workpiece #5

6. Stationary workplece

INCH METRIC .

4.



JOB SHEET #2

K. Return calipers to their correct storage

L. Hand in listed readings to the instructor for evaluation

N

MD 131
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TOOLS AND EQUIPMENT
UNIT II

NAME

TEST

1. Match the terms on the right with the correct de,finitions.

a. Instrument used as a standard of reference 1.

2.

3.

4.

5.

6.

7.

Template

Precision
instruments

Transfer
artwork

Datums

Scale

H:nd calculator

Logic ,

when drawing an object to a proportional
size

b. A thin, flat, plastic tool with' various site
openings of different shapes used to expedite
the drawing of standard features

c. Arrangement of a sequence of operations

d. Instruments used by machinists to measure
and gage products

e. Calculating clevice to solve mathematical
problems

f. Preprinted letters, symbols, and shading
that can be rubbed on or cut out for drawings
to save drafting time

e.o4,

g. Points, lines, or other geometric shapes
assumed to be exact from which the location
or geometric form of features of a part may
be estimated

2. Complete the following ILst of mechanical telplates.

a. General purpose

1.

2.

MD - 133

b. Welding

c. Threaded fasteners

1. .

2.

d. Springs

e. 'Three dimensional

1.

2.



134

3. Match the machinist precision measuring instruments on the right with the correct
functions.

a. Accurate inside measurements

b. Depth of slots or holes from datum surfaces

c. Plain external dimension for "go" or "no go"
gaging

d. Comparison of finished part to a master
or lines on a screen

e. Accurate angle measurements ,-

f. AiignMent, eccentricity, or deviations on
surfaces

g. Dimerlion transfers and circle scribes

h. Internal diniensions ,of holes for II
go

II or
no go

is
gaging

4. Identify types of welding measuring instruments.

a. 1. b.

77.77.77.77.7777:77-7777771."
I 2 3 1 3 "

1

C.

1. Snap gage

2. Plug gage

3. Inside micrometer

4. Depth micrometer

5. Sine bar

6. Divider

7. Dial indicator
gage

8. Optical comparator

5. Identify types of scales used in mechanical drafting.

32nds'

64ths

a.

1 "
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b.

.02

E

6. Name the primary metric unit of measurement used in mechanical drafting.

7. Classify the scales used in mechanical drafting by placing an "RAEF" for Mechanical
Engineer, Fractions; "MED" for Mechanical Engineer, Decimal; "MSRD" for Machinist
Steel Rule, Decimal; "MSRM" for Machinist Steel Rule, Metric; and "M" for Metric
scale in the appropriate blanks.

a. 1:3

b. 50 parts per inchEach division equals, .02"

c. 32 parts per inch--Each division equals 1/32"

d. 1/4" = 1"

e. 1:5

f. 1/2 millimeterEach division equals .5mm

g. 64 parts per inch--Each division equals 1/64"

h. 1:10

i. 1:1

j/ 1/2" = 1"

8. Complete the following list of hand calculator functions.

a. Primary

1. Multiply

2. Divide

3.

4.

11 ",:3
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b. Secondary

1. Square

2. Logrithm

3. Trigonometric

4. Storage

5. Angular.mode

.6.- HYperbolic

7.

8.

9.

9. Distinguish between the types of keyboard sequences used in hand Calculators by
placing an "X" next to the characteristics of the Lukasciewicz keyboard sequence.

a. Is easy to master

b. Usually takes fewer steps

c. Is referred to as "reverse Polish"

d. Sometimes takes more steps

e. Has operational stack

10. Demonstrate the ability to:

a. Read micrometer settings.

b. Read vernier calipers.

c. Measure with scales,

d. Compute mechanical drafting problems using a hand calculator.

e. Use a micrometer.

f. Use a vernier caliper.

(NOTE: If these activities have not' been accomplished prior to the test, ask
your instructor when they should be completed.)

1 tJ I
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TOOLS AND EQUIPMENT
UNIT II

ANSWERS TO TEST

1. a. 5 e. 6
b. 1 , f. 3
C. 7 9. 4
d. 2

2. Any two of the following under each category:

a. 1 . Circles
2. Squares
3. Arrows
4. Hexagons
5. Octagons
6. Triangles

c. 1 . Nuts
2. Bolts
3. Screws
4. Threads

e. 1. Projection ellipses
2. isometric ellipses
3. Isometric hexagon bolt heads and nuts
4. Projection hexagon bolt heads and nuts

3. a. 3
b. 4

9.
d. .8

4.4
4. a. I nside caliper

b. Tapes
e. Steel rule

e. S-t 7
g. 6
h. 2

5. a. Machinist steertule (fractions)
b. Mechanicalengineer scale

6.

7.

8. Listihould include:

.-
Millimeter

a. M f. MSRM
b. MSRD orVED g. MSRF
c. MSRF 11. M
d, ME i. M
e. M j MEF

a. Under primary--add, subtract
b. Under secondary-reciprocal, square root, antilogarithm

9. b, c, e

10. Evaluated to the satisfaction of the instructor

MD - 137
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REFERENCE MATERtALS
UNIT III

1

UNIT OBJECTIVE

MD,- 139
,

After cOmpletion'of this unit, the stUdent should be able to read reference materials arid
ANSI standards. This knowledge will be evidenced by correctly performing the procedures
outlined in the assignment sheets and by scoring 85 percent on the unit test.

SPECIFIC OBJECTIVES
-...

,

After completion of this unit, the student should be able to:

i . 1. Match terms related to reference materials with the correct definitions.

2. List manufacturing catalogs that.contain product information literature.

a? 4

' _

.,

- 3. Complete a list of mechanical standards references.

4. Select mechanical drafter and designer handbooks.
_

5, Name standards found in an ANSI drafting manual.
--........

,
,

6. List general types of standard parts,specified by ANS

7. Distinguish between ANSI miscellaneouS standards.
I,

8. Select ANSI metric standar'd fasteners references.

9. Demonstrate the ability to:

e.

J'''

..

1

a. Determine manufacturr of mecilanical components from Thomas Register.

b. Mote a letter requesting product, literature for mechanical components. .

c. Write a technical report using reference materials.

1

.

1 '$1.'
I/ .1
9 9

(
#

,

\

c

. ' r , ,
.

v

.1
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REFERENCE MATERIALS
UNIT III

SUGGESTED ACTIVITIES

I. Provide student with objective sheey"
II. Provide student with information and assignment sheets.

I I I. Make transparency.

IV. Disciss unit and specific objectives.

t. Discuss information-and-assignment sheets.
6*

VI. Have students go to their libi:aries and find out what r eference indexes are avail-. able.

ReqUice that students list all reference books in drawing room.

VIII. 'Suggest that students go visit a welding shop ond machine shop and find out what
refefences are in,use.

1X. Tour an engineering drafting room and have students take notes of references
being used.

X. Give test.

INSTRUCTIONAL MATERIALS

I. Included in this unit:

,

dr

A.. Objective sheet

B. Information sheet

C. Transparency Master 1--Mechenical Standards References

0: Assignment sheets

1. Assignment Sheet WID. etermine Manufacturer of Mechanical Compo-
nents from Thornas Register

2. Assignment Sheet #2--Write a Letter Requesting' Product Literature
for Mechanical Components

3. Astignrilent Sheet #3--Write a Technical Report UsiRg Reference
MatertatS

E. Test

F. Answers to test

#

. 1 4

MD - 141
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..11

.
II. References:

A. Catalog of American National Standards Institutes. New York 10018: ANSI,
1981.

B. Thomas Register"of American Manufacturers. New York: Thomas Publishing
Co., 1981.

C. Mac Rae's Blue Book. Chicago: Mac Rae Publishing Co., 1981.

Q. Oklahoma Directory of Manufacturers and Products. Oklahoma City:
Oklahoma Industrial Development Department, 1981. .

(NOTE: Each stAte may have one available.)

E. Beakley, George and Ernest Chilton. Introduction to Engineering Design'
and Graphics. New York: Macmillan Publishing Cp., 1973.

III. Additional references:

ASME Handbook. ipork: McGraw-Hill Book Co., 1980.

B. Calvin, F.H. and Stanley. American Machinist's Handbook. New York:
McGraw-Hill Book 1979.

111.

e,

C. Tweney, C.F. and .E. Hughes. Chambers Technical Dictionary. New York:
Macmillan Pubtishi g Co., 1959.

D. Kubokawa, Charles. Databook for Human Factors Engineering. Moffetfield,
CA: NASA, 1969.

E. Dudley, D.W. Gear Ha.ndbook. New Ycrrk: McGraw-Hill Book Co., 1962.

F. Boumeister, T. and L.S. Marks. Standard Handbook for Mechanical
Engineers New York: McGraw-Hill Book Co., 1958.

*

G. CarsOn, G.B. Production Handbook. 2nd edition. New York: Ronald Press
Co., 1958.

H. Weisman, Charlotte, ed. Welding Handbook. Miami, FL: American Welding -`
Society, 1976.

I. ;SAE Automotive Drafting Standards. New York: Society of Automotive
Engineers, 1963.

J. SAE Handbook. New York: Society of Automotive ,Engineers, 1976.

K. SME Too/ and Manufacturer's Engineer's Handbook. New York: McGraw-
Hill Book Co., 1980.

L. Damon, Albert, et. al. The Human Body in Equipment Design. Cambridge,
MA: Harvard.University Press, 1966.

M. Morgen, Clifford T. Human Engineering Guide to Equipment Design.
Washington, D.C.: U.S. Department of Defense, 1972.

N. Oberg, Erik and F.D. Jones. Machinery's Handbook. New York, NY 10016:
Industrial Press, Inc., 1978.

1'3
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REFERENCE MATERIALS
UNIT III

INFORMATION SHEET

I. Terms and definitions

MD - 143

A. ANSI (American National Standards Institute)--Organization which identifies
industrial and public needs for national standards and which coordinates
their development ,

B. Product catalog--Compiled booklet of product literature information includ-
ing specifications of parts and subassemblies and assemblies of products for
consumers and manufacturers to order and/or specify on parts list

C. Standard parts--Hardware such as bolts, screws, nuts, washers, keys, gears,
and pins for use on subassemblies and assemblies specified on parts lists

D. Handbook-- Freferente book or manual containing directions, specifications,
and tables to aid in the design and drafting of manufactured products

E. StandardSpecification, test. method, definition, classification, publication,
or practice that has been approved by a committee to regulate or control
manufacturing

II. Manufacturing catalogs that contain product information literature

A. Materials Selector Issue

(NOTE: This catalog contains materials used in design engineering.)

Thomas Register

(NOTE: This catalog contains products and service infornlation.)

C. Mac Rae's Blue Book

(NOTE: In this 'catalog producq are classified.)

D. Directory of Manufacturers

(NOTE: This catalog is available by individual states from the industrial
development deparynents.)

III. Mechanical stantraditeferences (Transparency 1),

A. ANSI (American National Standards Institute)

B. ASME (American Society of Mechanical Engineers)

C. ASTM (American Society for Testing and Materials)

D. SAE (Society of Automotive Engineers)
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4

7

-

- INFORMATION SHEET MP

A

I V . Mechanical drafter and designer handbooks.

(NOTE: Complete author and pubfication information is included in instructor's
. manual.)

A. American Machinist's Handbook
NI,

B. ASME Handbook
_

C. Chambers Technical Dictionary

D. Databook for Human Factors Engineering
1

E. Gear Handbook

F. The Human Body in Equipment Design

G. Human Engineering Guide to Equipment Design

H. Machinery's Handbook

I. Production .Handbook

J. SAE Automotive Drafting Standards 0

K. SAE Handbook

4. Standard Handbook for Mechanical Engineers
..-

M. SME Tool and Manufacturer's Engineer's Handbook

N. Welding Handbook .

V. Standards found in an ANSI drafting manual

(NOTE: The numbers in . parentheses are the numbers referred to by ANSI
standards.)

A. Drawing SheetSize and Format (Y14.1-1975) .

B. Line Conventions and Lettering (Y14.2-1979)

C. Multi arid Sectional View Drawings (Y14.3-1975)

,D. Pictorial Drawings (Y14.4-1957)

E. Dimensioning and Tolerancing (Y14.5-1973).

F. Screw Threads (Y14.6-1979)

All

.



(NFORMATION SHEET

G. Gears, Splines, ahd Serrations (Y14.7 -1978)

H. Gear Drawing Standards (Y14.7..1-1971)

I. Forgings (Y14.9-1958)

J. Metal Stampings(Y14.10-1959)

K. 'Mastics (Y14.11-1958)

L. Mechanical Asseh7blies (Y14.14 1961)

M. Electrical and Electronics (Y14.15-1966)

4 MD 145.

N. Fluid Power Diagrams (Y14.174966.)

0. Dictionary of Terms for Computer-Aided Preparation of Product Definition
Data (Y14.26.3-1975)

P. Chassis Frames (Y14.32.1-1974)

Q. Digital Representation of Physical Object Shapes (Y14, Report #1)

R. Guideline for Documenting of Computer Systems Used id Computer-Aided
Preparation of Product Definition Data-User Instructions (Y14; Report
#2)

S. Guideline for Documenting of Computer Systems Used in Computer-Aided
Preparation of Product Definition Data--Design Requirements (Y14, Report#3)

4.

(NOTE: Anotner common standard is Abbreviations (Y1.1-1974), but this is
not commonly found in a mailual of drafting standards.)

VI. General types of standard parts specified by ANSI

A. Bolts and screws .

1. Hexagon or Slotted Head Cap SCrews, Square Head q'reSjotted. Set
Screws (B18.6.2-1972)

2. Plow Bolts (B18.9-1958, R1971)

3. Round Heed Bolts (B18.5-1971)

4. Slotted and Recessed Head Machine Screws and Machine Screw Nuts
(818.6.3-1972)

5. Slotted and Recessed Head Wood Screws (R18.6.1-1972)

6. Socket Cap, Shoulder, and Set Screws (818.3-1976)

7. Square and Hex Bolts and Screws (B18.2.1-1972)
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INFORMATION SHEET

8, Square and Hex Nuts (B18.2.2-1972)
..

9. Track Bolts ahd Nuts (B18.10-1963, R1975)

B. Gears

1. System for Straight Bevel Gears (B6.13-1965, R1974) ,

2. Tooth Proportions for Coarse-Pitch Involute Spur Gears (B6.171968,
R1974)

ek - - '

3. Tooth Proportions for Fine-Pitch Involute Spur and Helical Gears
(B6.7-1967, R1974) -

C. Keys and pins

1. MabknePins1B5.20-1958)
es ,

2. Woodruff Keys and Keyseats (B17.2-1967, 141972)

D. R ivets

1. -Large Rivets (B18.1.2-1972)

- . 2. Small Sblid RivetS ( B18.1.1-1972)

E°. Wa;hers

1. Lock Washers (B18.21.1-1972)

-
WINO

2. Plain Washers (B18.22.2-1965)

t VII. ANSI miscellaneous standards. .

I

4

A. Dimensioning and surface finish

-

I

-

-

1. Preferred Limits and Fits for Cylindrical Parts (B4.1-1967, ft 1974)

2. Rules for Rounding Off Numerical Values (Z25.1-1940, R1961)

Scale to Use,with Decimal-Inch Dimensioning (Z75.1-1955)

4. Surface Texture (B46.1-1962, R1971)

5. Decimal Inch (B9,7.1-1965)

6. Metric Practice (E380.76)

7. Tolerance for Metric Dimensional Products, General (B4.3-1978)

alell

L. I 0...,

'')_.
.

,, .,
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INFORMATION SHEET

B. Small tools and machine elements

1. Jig Br/things (B94.33)974)

2. Machine Tapers (B5.10-1963, R1972)

3. Milling Cutters and End Mills (B94..19-1968)

4. Rearners (B94.2-1971)

5. T-Slots (B5.1-1975)

6. Tops, Cut,and Ground Threads (B94.9-1971) .

7. Twist Drills, Straight Sharlc, and Taper Shank (B94.11-1967, R1972)

-VIII. ANSI metric standard fasteners references,

Hepgon 'socket Head Shoulder 4crews Metric (B18.3,..3M-1979.)
,

HiYklocket.frutton Head Cap Screws Metr)c (B18.3.4N-1979)
^,

C: '.getric Frr Hex Screws'( B18.2.3.2M 1979re

D. PMetric' ke;ily-Hex Bolts (B18.2.3.6M 1979)

E Metric Heely tlex Screws IB 18.2.3.3M 1979)'

F. .10;tric Heavy Hex Structural Bolts (B18.2..3.7M 1479)

G. - Metric Hex Bolt .(13-18.2.15M 1979)

H. metric Hex Cap Screws (B18.2.3.111011979)

I. Metric Hex Lag Screws (818.2.34M 197k

J. Metric Series Hexagon Keys and Bits (B18.3.204 1979)

K. Metric Series Hexagon Socket Set Screws (B18.3.6M 1979)

L. Metric Screw Threads MJ Profile (B1.21M 1978)

M. Retaining Rings (B27.81Vf 1978)

4
a- A
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le Mechanical Standaids Reference&
*

American 'National Standards Institute

ANSI alsi
... American.Society of Mechanical Erigineefs .

.0"

IIN

e ASME
.,

_I

s

American Society for Testing and Materials

ASTM

4

i
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Society of Automotive Engineers

SAE

1

,

I

.

TM .1
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REFERENCE MATERIALS
UN(T III

ASSIGNMENT SHEET #1--DETERMINE MANUFACTURER OF MECHANICAL
COMPONENTS FROM THOMAS REGISTER

MD 151

11,

Directions: Using the Thomas Register, write the name and address of one manufactgrer
for the following products and/or parts.

..

A. Electric motor 'B. Mach i nescrews '

C. Cams

.

-

,

.

D. Spring lock washer

E. . Gears F. Solar collector

G'. Shear for sheet meta!
._

*A c

..

,

..

H. PumO-

.

4........_
I

-
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REFERENCE MATERIALS

UNIT III

ASSIGNMENT SHEET #2--WRITE A LETTER' REQUESTING PRODUCT
LITERATURE FOR MECHANICAL COMPONENTS

Directions: Select one of the addresses from Assignment Sheet #1 or antther address
from the Thomas Register. Write a letteretto the manufactdrer ,requestirig information
concernirk product specifications and cost. After instructor approves rough copy, type
and mail. Those items in italics, in the following example are what you should fill in with

.your informatitn.

Example:.

425 Elm Street
Stillwater, OK 74074

February 17, 1983

Enerpac
Sales Office
Butler, WI 53007

Sales Representative:

I am a student at Indian Meridian Area Vocational-Technical chool.
I am in.the process of designing equipment. Please send me product
literature, specifications, and cost for Hi-tonnage jacking cylinders.
I am not interested in purchasing your product at this time,'bet may
consider it in the future.

Thank you for your consideration.

Sincerely

Joe Smith

11,



REFERENCE MATERIALS
UNIT III

ASSIGNMENT SHEET #3--WRITE A TECHNICAL REPORT .
USING REFERENCE MATERIALS

MD 155

DireCtions: Write_a techhical report in an.area which intere-sts you. Use raference materials
found in available indexes. Restrict length to 5,handwritten (2-2 1/2 typed) pages. Report
should include the following:

1. Title page (subject7your name, date)

2. Introduction (what your paper will cover, why you chose this area)

3. Body (logical presentation of information discovered while researching)

4. Conclusion (brief summary of what you have learned, final remarks)

5. References (at least three)

(NOTE: Books are categorized in the library according to the author, title, andsubject
in the card catalogs. Two good indexes to find articles in the library are Engineering
Index and Applied Science and Technology Index J



REFERENCE MATERIALS
,UNIT III:

NAME

TEST

T. Match the terms on the right with the correct definitions.

a. Hardwaye such as bolts,'screws, nuts, washers,
keys, gears, and pins for use on subassemblies
and assemblies and specified on parts lists

b. Organization which identifies industrial and
public needs for national stanClards and which
coordinates their development

c. Reference book' or manual containing direc-
tions, specification's, and tables to aid in the
design and drafting of manufactured products

d. Compiled booklet of product literature
information including specifications of parts
and subassemblies and assemblies of Products
for consumers and manufacturers to order
and/or specify on parts lists

e. specification, test Method, definition, classifi-
catkin, publication, or practice thafhas been
approved by a committee to reguiateer
control manufacturing

MD - 157

t.ANSI

-2. Product catalog

3. Standard parts,

4. Hantibook'

5. Standard

2. List two manufacturing catalogs that contain product information literature.

a.

b.

3. Complete the following list of mechanical standards references.

a. ASME

b. SAE

c.

d.
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;

4. Select mechanical drafter and designer handbooks by placing an "X" in the appropriate
blanks.

a. Chambers Technical Dictionary At

b. Standard Handbook for Mechanical Engineers

c. Small Engine Repair -

Ainerican Machinist Handbook

e. ASME Handbook

f.' 'Four-Stroke Cycle Engine Mechanic Handbook

g. SAE Handbook

h. Databook for Human Factors Engineering

5. Name five standards found in an ANSI drafting manual.
. r

a.

6. List Nur general types 'of standard parts specified by ANSI.

a.

b.

c.

d.

7. Distinguish between ANSI miscellaneOus standards by placing an "X" next to the
standards for dimensigning and surface finish and an "0" next to the standards fckr
small tools and machine element's.

a. Preferred Limits and Fits for Cylindrical Parts

-b. Machine Tapers

c. T-Slots

d. Metric Practice

e. Tolerance for Metric Dimensicrnal Products; General

f. Reamers

411
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8. Select ANSI metric standard fasteners references by placing an "X" in the appropriate
blanks.

a. Metric Heavy Hex Screws.

b. RetaininfRings

c. Metric Hexlag Screvys

d. Slotted and Recessed Head Wood Screws

9. Demonstrate the ability to:

a. Determine manufacturer of mechanical components from Thomas Register.

b. Write a letter requesting iSroduct lityfiture for mechanical components.

c. Write a technical report using reference materials.

(NOTi..:..-11-these activities have not been ,accomplished prior to the test, ask
your instructor when they should tie completed.)

1 t)
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1. 3 d. 2
b. 1 e. 5
c. 4

2. Any Iltwo of the following:

REFERENCE MATERIALS
UNIT III

ANSWERS.TO TEST

a. Materials Wkjtor Issue
b. Thomas Ifegister
c. Mac Rae's Blue Book
d. Directory of Manufacturers

3. c. ANSI
d. ASTM

4. a, b, d, e, g, h

5. ,Any five of the following:

a. Drawing Sheet Size and Format
b. -Line Conventions and Lettering
c. Multi \and Sectional View Drawings
cl. Pictorial Drawings
e. Dimensioning and Tolerancing
f. Screw Threads
g. Gears, Splines, and $errations
h. Gear Drawing Standards

forgings
j. Metal Stampings
k.. Plastics
I. Mechanical Assemble
m. Electrical and Electronics
n. Fluid Power Diagrams
o. Dictionary of Terms for Computer2Aided Preparation of Product De inition

Data
p. Chassis Frames
q. Digital Representation of Physical Object Shapes
r. Guideline for DoCumenting of Computer ..5'ystems Used in Computer-Aided

Preparation of Product Definition Data.,User Instructions
s. Guideline for Documenting of Computer Systems Used in Computer-Aided

Preparation of Product Definition Data-Design Requirements

6. Any four of the following:

a. Bolts and screws
b. Gears
c. Keys and.pins
d. Rivets
e. Washeis

46

r.'
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8. a, b, c

9. Evaluated to the satisfaction of the instructor

or^

4

A.



LAYOUTS AND WORKING DRAWINGS
UNIT IV

UNIT OBJECTIVE

After completion of this 'Unit, the student should be able to draw a design layout anddraw a set of working'drawings. This knowledge will be evidenced by correctly performing
the procedures outlined in the assignment sheets and by scoring 85.sercent on the unit
test.

SPECIF IC OBJECT lyES

After completion of this unit, the student slibuld be able to:

1. Match terms related to layouts and working drawings with the correct definitions.

2. Distinguish between standard and additional information on a title form.

3. Identify information on a reVision block.

4. List information on a bill of materials/parts list.

5. Arrange in order the stages of the design process.

6. Select true statements concerning design layouts.

7. List basic elements of a design layout sketch.

8. Name the three standard parts of a detail draWing.

9. Match parts of an assembly drawing with the cOrrect functions.

10. Select information found on' outline or installation assemblies.

11. Select information found on welding assembly drawings.

12. Select characteristics of forging drawings.

13. Select information found on a pattern or casting drawing.

14. Demonstrate the ability to:

'a. Draw :design layout.

6. Draw a set of detail drawings.

c. Draw in assembly drawing.

d. Complete a detailed title block and revision block.

e. CAplete a parts list.

f. Make a drawing revision.
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LAYOUTS AND WORKING DRAWINGS
UNIT IV

SUGGESTED ACTIVITIES

I. Provide student with objective sheet.

II. Provide student with information arid assignment sheets.

III. Make transparencies.

IV. Discuss unit and specific objectives.

V. Discuss information and assignment sheets.

VI. Assign students appropriate projects that can be used for all assignment sheets.

VII. Select the title block that you want the students to use in this particular class, and
give instructions on filling it out.

VIII. Make appropriate changes in the student's drawing sheets from Assignment Sheets
#2, #3, or #4 to enable the students to make revisions for Assignment Sheet #6.

IX. Furnish a model or prototype for use in discussing objective V, item D, the design
process.

X. Give test.

'L.

INSTRUCTIONAL MATERIALS

Included in this unit:

A. Objective sheet

B. Information sheet

C. Transparency masters

1. TM 1-Engineering Change Notice

2. TM 2-Title Forrin

3. TM 3--Revisions

4. TM 4-Bill of Materials/Parts List

5. TM 5--Design Process

6. TM 6-Design Layout
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7. TM 7-Detail Drawing

8. TM 8-Assembly Drawing

9. TM 9--Detail Assembly Drawing

10. TM,10--Outline or Installation Assembly

11. TM 11--Welding Assembly Drawing

12._ TM 12--Forging Drawing

13. TM 13--Casting Drawing

D. Assignment sheets

1. Assignment Sheet #1-Draw a Design Layout
b

2. Assignment Sheet #2--Draw a Set of Detail Drawings

3. Assignment Sheet #3--Draw an AssembINA Drawing

4. Assignment Sheet #4--Complete a Detailed Title Block and Revision
Block

AI

5. Assignment Sheet #5--Complete a Parts List

,.
6. Assignment Sheet #6-Make a Drawing Revision

E. Test

F, Answers to test

II. , References

1

A. Brown, Walter C. Drafting for Industry. South Holland, IL 60473:
Goodheart-Willcox Co., Inc., 1974.

B. Dygdon, John Thomas and Henry Cecil Spencer. Basic Technical Drawing.
New York 10022: Macmillan Publishing Co., Inc. 1968.

C. Giesecke, Frederick E., et. al. Technical Drawing. New York 10022: Mac-
millan Pubahing Co., Inc., 1980.

D. Jensen, Cecil and Jay Helsel. Engineering Drawing and Design. New York:
Gregg Division/McGraw-Hill Book Co., 1979.

E. American National Standards Institute. Drawing Sheet Size and Format.
Y14.1-1975. New York 10017: American Society of Mechanical Engineers,
1975.

F. American National Standards Institute. forgings, Y14.9-1958. New York
10017: American Society of Mechanical Engineers, 1958.
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LAYOUTSAND.WORKING DRAWINGS
UNIt IV

INFORMATION SHEET

I Terms and definitions

MD 167
eir

A. Title--Name of the object or project
,

(NOTE: The title is the second most 'important size of lettering on the
drawing.)

B. Title form-Standardized place to show all information not shown witi;
notes and dimensions on the drawing

,

C. Revision-Change made on a drawing
_

(NOTE: This change may be due to drafting error, design change or err9r,
production change or error, or customer change or effor.) .

D. Revision form-Area to show all informatio related to a drawing revision

E. Zoning--Equal interva4 along the margins labeled with, numbers along
the horizontal margin Ind with letters along the veriical margin for locating
an area on a drawing .

F. Bill of materials/parts list-Itemiied listaeiNflets shown with' an assembly
drawing

(NOTE: Parts may be raw stock, purchased parts, or fasteners.) .

G. Design process--Organized method to_combine scientifioprinciples, standard
parts, and resources into the solution of a problem

H. Detail drawing-Drawing containing the necessary information to Completely
manufacture a single part or one stage of a single part

I. Design layout--Accurate drawing of all parts in working posijions showing
clearances of moving parts, ease of assembly, and ease of serviceability-

J. Assembq drawing-Drawing shoWing ell parts in their working position

K. Detail assembly drawing--Combined detail and assembly , drawing 'used
when the details are simple enough for all parts to be shown and dimen-
sioned clearly while shown in assembled positions

(NOTE: This drawing is used on aircraft subassembliesdrawings of jigs and
fixtures, and welding drawings.)

..,

L. Engineering change notice (ECN)--An approved change to a drawing caused
by a change in design, tool changes, errors in design or production, and
customer char?ges (Tramparency 1)

(NOTE: ECN's are reflected in the revision record on the drawing.)

,

,
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1

INFORMATION SHEET

M. Forging drawing--A detail drawing of a workpiece to be 'forged in dies

N. Casting drawing-A detail drawing of a workpiece to be cast

II. Information on a title form (ransparency 2)

(NOTE: The following information is generally found in a title form as a title
block or_title strip.)

A. Standard information

1. Name of the object represented

2. Name and address of the industry
IMP

3. Name and address of the client, if anr

4. Number of drawing which may include sheet letter size

5. Revision letter

6. Signature of drafter with date of completion

7. Signature of checker with date of completion

8. Signature of designer, engineer, or other official and date approved

9. Predominate scale of drawing

10. Sheet number for multiple sheets

B. Additional information

1. Tolerances

2. Material

3. Heat treatment

4. Quantity

5. Finish

6. Hardness

7. Weight

I 8. Superseding note

9. Company logos

10. Other peculiarities of the'product

1 6.4
A



INFORMATION SHEET

Information on a revision block (Transparency 3)

A. Letter or number of change(s)

B. Description of correction or change

C. Person making change

D. Person checking change

E. Date of change

F. Zone for location of change

IV. Information on a bill of materials/parts list (Transparency 4)

A. Standard information

1. Item number referring to assembly drawing

(NOTE: Item numbers are sometimes referred to as dash numbers.)

VON..

MD 169 ,

2. Part name

3. Number required

4. Material from which part is made

B. Additional information

1. Stock number

2. Description or nomenclature

3. Address of vender

4. Unit of measure

(NOTE: These units include grams, pieces, feet, pounds, or gallons.)

5. Group subassembly where used

6. Approval

7. Release date

8. Originator

e. Revision
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INFORMATION SHEET

10. Stock size

11. Pattern number

12. Weight

. _

V. Stagei of the tlesign process (Transparency 5)

A. Problem identifiqation

(NOTE: This stage is the plan of action which includes available information,
parameters for time, cost, defined function, limits, and market potential.)

B. Peeliminary ideas and concepts

(NOTE: This stage includes brainstorming from technical literature, reports,
design and trade journals, patents, andexisting products. A notebook should
be started and up-dated to include signatures and dates of inventors and
witnesses.)

C. Refinement of solutions

(NOTE: In this stage the design layouts, functional features, stress analysis,
ease of assembly, serviceability, and manufacturability are refined for the
most promising solutions.)

D. Model or prototype analysis

(NOTE: In this stage the design is analyzed, studied, and refined to prove
that the design works. This is a very important step that may causeyou to
return to one of the other steps.)

E. Presentation/working drawings

(NOTE: This stage is the formal documented form for production which
includes detail drawings, assembly drawings, and parts lists. The primary
focus is to sell the idea or product to others.)

VI. Design layouts (Transparency 6) 00,

A. Drawn by the designer as part of the design process

B. Amount of detail needed depends on the degree of competency of the
drafter

1. Requires very little detail if the drafter is well trained

2. Requires a great deal of detail if the drafter is not well trained

C. May include the following:

(NOTE : *4$1ae following items represent the maximum detail a designer
would place on a design layout.) .

1

Mr
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INFORMATION SHEET

1. Accurate to-scale details of each part

2. Strength calculations

3. Function calculations

4. Cost calculations.

, 5. Weight calculations

6. Shape or form determinations

7. Stress analysis

8. Explanation of how parts fit together

9. Most dimensions

10. Notes for standard parts or special processes

11. Clearances for moving parts

12. Ease of assembly
\

13. Ease, of serviteability
4.

14. Standard parts recommended wherever possible

15. Special manufacturing problems

4 Drawn accurately with thin lines

E. Usually only critical dimensions are included

VII. Basic elements of a design layout sketch (Transparency 6)

(NOTE: Many drawings do not need to be drawn accurately to prove they work.
A designer .or engineer may simply make a sketch of his/her needs and the drafter
can make a detail drawing.)

A. Projection (multiview, isometric)

B. Line symbols and darkness

C. Proportions

D. Stren thc,calculations

E. Func calculations

F. Cost calculations

G. Weight calculations
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INFORMATION SHEET

H. Shape or form determinations

I. Stress analysis

J. Way Parts fit together

K. All critical dimensions

L. Notes for standard parts or special processes

M. Clearances for moving parts

N. Ease of assembly

0. Ease orterviceability

4ilh: Standard parts recomrnended wherever possible

Q. Spacial manufacturing problems

VIII: Standard parts of 'a detail drawing (Transparency 7)

A. Shape description

(NOTE: This includes multiview, auxiliary, sectionk and/or pictorials.)

B. Dimensions

(NOTE: These include size, location, and tolerances.)

C. Notes

(NOTE: These may be,general or specific.)

I X. Parts of an assembly drawing and functions cTransparency 8)

VieWs--Show relationship of parts

(NOTE: Views do not show the shapes of individual parts but just how
they fit together.)

Sections--Show the inside function or construction of the parts

C. Hidden lines--Shown only to promote clearness; unnecessary when several
sections are used

(NOTE: Hidden lines may nth be necessary and in some cases would only
confuse the reading of the drawing.)

1

1 4.
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INFORMATION SHEET

D. Dimensions-Show maximum or minimum sizes qr locations of machine
parts after assembly and overall size --.

(NOTE: Only certain' dimensions and notes are given on an assembly draw-
ing.)

E. Parts identification numbers-Allow for quick identiflcation of physical shape
and guide reader to the parts list (Figure 1)

(NOTE: An .identification number should be 5mm high In a 12mm circle.
The circle is connected to the part with an arrowhead, dot, or S.) .

4

5mml2mrn

1

FIGURE 1. Leaders drawn radial to circle

(NOTE: Avoid vertical and horizontal leaders.)
X. Information found on outline or installation assemblies (Transparency 10)

A. Method for installing or erecting a machine or structure

B. Outlineand relationships of external surfaces

C. Relationship of final positioning for subassemblies

Xl. Information found on welding assemb4y drawings (Transparency 11)
lb

A. Parts identification

B. Dimensioning
1

(NOTE: This includes the detailed or after-welded final dimensions. Proper
jigs must be used to prevent distortion to maintain final dimensions.)

C. Standard welding symbols (ANSI Y 32.3-1969)

D. Parts list

(NOTE: Parts may be made from stock.)

E. Multiviews and auxiliary views, if used

(NOTE: Sections are not normally employed in welding assembly draw-
ings.)

XII. Characteristics of forging drawings (ANSI Y14.9-1958) (Transparency 12)

A. Fillets and rounds--Minimum sizes (figure 2)
c--

I fk.,/

,
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INFORMATION SHEET

B. Parting line--Separation of upper and lower dies

C. Draft-Ease in removal from dies

D. Extra material not needed in final product
is

FIGURE 2

Opposing 41 ibs--
Confined Metal in Web

Single Rib

Boss

H R2

1/4 1/8 1/8
1/2 1/8 1/8

1 1/4 3/8
2 1/2 5/8-
3 3/4 1

4 ,1 1 3/8
5 1 1/4 1 3/4
6 1 1/2 2

FILLET RADII

H. H

4,4#.
Rib

R3

Boss

R' l'i2 R3

1/4 1/16 1/16 3/16
1/2 1/16 1/16 3/16

1 1/8 1/8 3/8
2 3/16 1/4 1/2
3 1/4 5/16 3/4
4 5/16 7/16 1

.5 3/8 1/2 1 1/8
6 7/16 5/8 1 1/4
7 1/2 11/16 1 1/2

CORNER RADII
End of Rib

XIII. Information found on a pattern or casting drawing (Transparency 13)

A. Fillets and rounds--Minimum sizes

B. Parting line-Separation of one mold from the other

C. Extra material not needed in final product

(NOTE: A draft may be included by the pattern maker, but it is not shown
on the drawing.)

1 3
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Engineering Change Notice

,MD: 175

NO.

DATE ISSUED sCiTETT ON SHEET NO

I APPARATUS /-
T SERIES AN NO - YES - FINAL gig

AR NO I REO
ENG PROD PLAN AFFECTED =

NOT AFFECTED= PREVIOUS
SERIES AN

CLASS OF CHG. 1 EMERGENCY 2 MEET
SPEC 3 EXC'D SPEC. 4 NEW MODEL

IT NAMI OF PART DWG NO REV UNITS AFFECTED SERIAL NOS

REASON FOR CHANGE/PROBLEM

. ,,

SUMMARY OF CHANGE/SOLUTION

. .
,

STATUS OF_MATERIAL .

,

TMBS MDBS RTBS

SERIAL NUMBERS TO BE REWORKED ,

PROGRAMMING
NO I. YES MEM

AFFECTED
1 DA FI AFGENCTOE7 CS okNOall YES= PGMS `

PRODUCT SERVICE INFORMATION
DOCUMENTAT SPARE PARTS ARE AFFECTEDION IS AFFECTED MI EQUIP CHANGE IS MANDATORY NE MIS

NOT AFFECTED NE NOT _AFFECTED'. CD
NOT AFFECTED um

ISSUED BY. DATE APPROVALS: DIST.
KEY

APPROVED BY DATE
.

I' ; TM 1



WEIGHT

MATI.

HT

FINISH

,OTY

I.

25

Title .Forms

'
TOLERANCES UNLESS
OTHERWISE SPECIFIED

INCH METRIC .

I PLC DEC .

SCHOOL.OR COMPANY
ADDRESS

4
15 TYP

DRAWING TITLE

DATE DATE

2 PLC DEC
DR BY Of SY

3 PLC DEC

DATE DATE

4 PLC DEC
APP BY DIG BY

ANGULAR

FRACTIONS scatE

SHEET
SIZE

DRAWING NR,

40

4

Title Block

150 >'

Pep

Mb -.177

.1

4'

, TOL UNLESS OTHERWISE
SPECIFIED

FRAC 2 PL
3 Pl. 4 PL
ANGULAR

WEIGHT MAlt

SCHOOL Oil CO.
ADDRESS DRAWING TITLE 1.HT FIN

DR BY ' DATE
DAT!

Cx
DATE DATE

DIG BY NO ,0

-T-
Title S p

(NOTE: AP lettering is 3mm high except Title and Drawing numbers which are 6Mm high,)

I.

a'

TN1 2



Revisions

I t
2 1

REVISIONS

ZONE REV. DESCRIPTION DATE APP.

2c A WAS .57 110...5,BZ D
Igt

NOTE. See Basic Drafting, Book Two for dimensions.

Zone

evision Form With Zones

TYP NO

16
I

16< ><
,..,

3 TYPWAS 41.7 A.2S.J..
P1AR 7,81IRP7

CORRECTION
MADE BY

DATE
CK BY

REVISIONS

es/
TITLE BLOCK

Revision Form Withaut Zones

Imo 179

TM 3



Bill of / Parts List
ORAW1NG CODES

I VENDOR ITEM-SPEC CPNTROLDWG

Z VENDOR ITSASOURCE CONTROL DWG

3 ALTERED OR SELECTED PART

COMPANY XYZ
2715 GLASS,c0

NEWTOWN, QK 72073

PARTS LIST FOR I REV I TITLE

1

UNIT OF MEASURE CODES

0 GRAMS 5. SETS
1 PIECES 6. OUNCES

1

2 FEET 7 INCHES
3 POUNDS 8 PINTS
4 GALLONS 9. AS REQ'D

PAR.TS t S'T FOR [SHEET NO

ITEPA NO
DWG
CODE IDENTIFICATION NUMBERS DESCRIPTION OB

NOMENCLATURE
GROUP NO AND QUANTITY

UM

-MD 181

XYZ
USE
ONLY .

RTG

V V
. -

PRINTS M R EV REV

I

REV

.4.

ORIGINATOR IDITE RELEASED APPROVALS
.c....
...

CONT ON OR FINAL

, i

3 TYP

Bill of Materials/Parts List
n15 -67 t15t--22-31

METRIC

Title Block
Parts List--Short Form Over Title Block

( , 1
I

4 TM



Design Process

-.

,

1

Problem-

, Identification

2

Preliminary

. ideas and Concepts

3
Refinement

of
, Solutions

1001. eim

4
godels or Prototypes

AnalVsis

5

Presentation/

Working Drawing

Mt) - 183

'TM 5



4P

/Of Design Layout /
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n, Macmillan Publishing Co., Inc., 1980.

Design Layout

Freehand Sketch
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Detail Drawing
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Assembly Drawing
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Detail Assembly Drawing
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Outline or Inst011ation Assemb
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* Welding Assembly. Drawing."
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Forging Drawing
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Casting Drawing
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LAYOUTS AND WORKING DRAWINGS
UNIT IV

A.SSIGNMEN'T SHEET #1 DRAW A DESIGN, LAYOUT

MD 201

Directions. For the project assigned by your instructor, sketch the desired layout to include
standard parts and fixed dimensions. Tape drawing media to drawing surface, and draw your
design layout. Letter in information in its proper place using correct lettering techniques.,

c

,
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LAYOUTS AND WORKING DRAWINGS
UNIT IV

ASSIGNMENT SHEET #2-DRAW A SET OF DETAIL DRAWINGS

Directions Using the design layout of the project th:km Assignment Sheet #1, sketch
each detail to include proper placement of dimensions, tolerances, and notes. Tape drawing
media to drawing surface, and draw eoch detail on a .separate sheet of paper of appropriate
size. Letter in information in its proper place using correct lettering techniques.

a'
e

MD 203
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LIYOUTS AND WORKING DRAWINGS
UNI.T IV

ASSIGNMENT SHEET #3 -DRAW AN ASSEMBLY DRAWING

Directions For this assignment use details from eititer Assignment Sbeet #2, the design
layout of Assignment Sheet #1, or a different project appropriate to time. Sketch an
assembly drawing t-o :Include appropriate sections, views, and dimensions. Tape drawing
mqdia to d.rawinj su,face, and draw an assembly drawing. Letter in information-An its-
proper place usin correct lettering techniques.

p.

,

I

P
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LAYOUTS AND WORKING DRAWINGS
UNIT IV

ASSIGNMENT SHEET #4 -COMPLETE A DETAILED TITLE BLOCK
AND REVISION BLOCK

Directions With a lettering guide and the drawing media from Assignment Sheet #2 and#3, use the procedure -in the following example to complete a detailed title block and
revision block.

Example.

1. Tape drawing'media to drawing surface

Select correct pencils

3. Select approprtate titl, block for detail information
,

(NOTE: Refe-r tb the following examples ortitle strips and title blocks. Select one
shown or devise one of your own which has been approved 'by the instrtictor.)

Example:

...

16 TYP

WEIGHT

TOLERANCES UNLESS
OTHERViISE SPECIFIED

INCH METRIC

I PLC DEZ'

2.PLC DEC .

3 PLO-EC

4 PLC AC

ANGULAR

FRAC TION'S

SCHOOL OR !COMPANY
ADDRESS

MAT'
- . .

DRAWING 'TITLE
HT

DATE

DR BY

DATE

CK BY
FINISH

DATE

APP BY

ISATE

DIG BY
Or/

SCALE

SHEET
SIZE

DRAWING NO

25 40 150

(NOTE: This title block can be used with 'ID:: and "E" size sheets.)

1'

a
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.mmamo

'UNLESS OTHERWO.I
CIFIED

VVEI,,HT

FRAC 2 Pl
3 PL 4 PL

ANGULAR

4

DR BY

ASSIGNMENT SHEET -7,-4

MATL

DA TE

FIN

SCHOOL OR CO
ADDRESS

DRAWING TITLE

CK BY

DATE
APP BY

IIATE
DIG BY

DATE
NO

(NOTe Th4A title blo, k con he used with "A" and "B" size sheets.)

4. Dr w title block in lower right hand corner

5 Oraw guidelines for lettering

Letter in information in its proper place using correct lettering techniques

a .

Select re'vision block cohtainAng zone reference

DrawjevisiOn block in upper right [14100 touter

-9 Letter in iriformation in its proper place using correct lettefing techniques

4

<1.

a"

"P-

18

4.
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LAYOUTS AND WORKING DRAWINGS
UNIT IV

ASSIGNMENT SHEET #5--COMPLETE A PARTS LIST

Directions:, Tape either the drawing irom AssignMent Sheet #3 or a separate parts list
(PL) form on drawing surface. Draw d parts list Letter in Information in the parts list using
correct lettering techniques.

'

s

. s



(' MD 211

LAYOUTS AND WORKINabRAWINGS
UNIT IV

"Ns

ASSIGNMENT SHEET #6--MAKE A DRAWING REVISION

Dtrections In order to make a drawing revision, you will need the drawings from Assign-
ment Sheets #2, #3, and #4 and-an Engineering Change Notice (ECN) from your instruc-
tor. Now use the procedure in the following example to make the revision.

Example:

1. Letter revision on drawing

2. Letter revision in revision block

3. Sign and date revision block

4. Make a blueline print of reviAn

5. Turn in reViison and print to instrüc?or

fr

.....
2-

*REVISIONS

ZONE REV. DESCRIPTION DATE APP.

2c A WA$ .57 Jah5,82

NOTE See Basic Drafting, Book Two for dimensions,

Zone
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NAME

TEST

1 . MAch the terms,on the right withthe correctdefinitions.

a. Change ma,defpn a tfrawing ,Title

2. Title form

3. Revision

,

b. 'Equal intervals aläng the margins labeled with
numLerI4an9 the horlzonarrnargin and with.
letters long'the vertical margin for locating
art ar *on a drawing

Drawing containing the necessary information
to completely maawfacture a singlaVpaa, or,
one stagt,of a-single part

C.

Name of the object or project

Area to 'show all information
a drawitil revision

related to

Drgabizad tO combrne Scientific
:pripciptes, standard parts, and resources'inla
the'eolution,O, a prablern

g. Di'awing showing -2II parts in their working,f ,. ptisiion . .
. .

h. Standardized place to show all information
... 'not shown with notes and, dimensions on the

dravving ,

--1...,

i. Combined detail' an assembly drawing
useid when the. det0i s are, simple enough

;for all parts to lke s own, arid' dimensioned
dearly while, shown In assembled. positioni

,

AccUrete drawing) of:,, all *Iv: in working
positions showing clearancek Of moving
parts, easeg qf assImbly, and ease 0 Service-

, ability r
k. -Itatnizetelisfot parts, :" :drawing-,

wn with an assembly .

4. Engineering change
notrce

.

5. Revision fôrry;
,

6. Zoning

7. Bill of materials/
parts list

A dttail drawing of. a .workpiece to be cast
.,, ,

r

ft A1)14
' ir'''.

/ - . 'r--) A: ''.A. . .

.: ti, A:
' e"?

1,40 '

8. Casting drawing

8. .Design layott

10, 'besigrf procesi

11. Detail drawing

.1?. Assembly drawing

13. Forging drawing

:14i0Detairtissemb1y s.

draWing

gy

MD-213[
w

ra
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m. A detail drawing of a workpiece to be forged Lo-
in dies

n. An approved change to a drawing caused by
a change in design, tool changes, errors
in. design or production; and customer
changes

2. Distinguish between standard and additional information on a title form by placing an
"X" next to the standard information and an "0" next to the additional information.

a. Tolerances

b. Revision letter

c. Signature of drafter with date of completion

d. Hardness

e. Heat treatment

f. Predominate scale of drawing

3. rtdentify information on a revision block.

b.

1

REVISIONS

DESCRIPTION

68

WAS ..57 Jaw 5,8Z

a . b.

e. d.
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4

4. List information on a bill of materials/parts list.
^

a. Standard information

1)

2)

b. Additional information

1)

2)

MD 215

..191.1e

4)

5. Arrange in order the following stages of the design process by placing the correct
sequence numbers in the appropriate blanks.

a. Refinement of solutions

b. Presentation/working drawings

c. Problem identification

,

d. Model or prototype analysis

e. Preliminary ideas and concepts

6. Select true statements concerning design layouts by placing an "X" in the appropriate
blanks.

a. Drawn by the designer as part of the design process

b. Requires a great deal of detail if the drafter is well trained.-..

4

c. May include strength calculations

d. May include Weight calculations
"

e. Drawn with thick lines

= .

f. All dimensions are omitted
,

g. May include clearances for moving parts

h. May include ease of serviceability

1 ". 'V Z

. ,

at 1
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7. List eight basic elements of a design layout sketch. -

a.

b.

c.

8. Name the three standard parts of a detail drawing.

a.

b.

C.

9. Match the parts of an assembly drawing on the right with the iorrect functions.

a. Shown only to promote clearness; unneces-
sary when several sections are used

b. Allow for quick identification of physical
shape and guide reader to the parts list

c. Show maximum or minimum sizes or loca-
tions of maahine parts after assembly and
overall size

d. Shaw relatiohship of parts

e. Show the inside function or construction
of the parts

1. Views

2. Sections

3. Hidden lines.

4. Dimensions

5. Parts identification
numbers

10. Select information found on outline or installation assemblies by placing an
in the appropriate blanks. ,

; .
a. Method for installin or erecting 'a machine or structure

b-. Sections of internal detail of a machine

c. Outline and relatiIVmhips of external surfaces
:

d. Detail dimensions of individual parts

e. Relationship of final positioning for subassemblies

195 .
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11. Select information found 'on welding assembly drawings by placing,an "X" in the
appropriate blanks.

a. Parts identification

b. Dimensioning

c. Standard welding symbols

d. Parts list

e. Sections

f. Auxiliary views, if used

12. Select characteristics of forging drawings by placing an "X" in the appropriate blanks.

a. Fillets and rounds

b. Finish marks

c. Drilled holes

d. Parting line

e. Draft

f. Extra material not needed in final product

13. Select information fgund on a pattern or casting drawing by placing an "X" in the
apOropriate blanks.

a. Fillets and rounds

b. Finish marks

Drilled holes

, d. Parting Line

e. Draft

f. Extra material not needed in final product

14. Demonstrate the ability to:

a. Draw a design layout.

b. , Draw a set of detail drawings.

c. Draw an assembly drawing.

d. Complete a detailed title block and revision block.

e. Complete a partslist.

f. Make a drawing revision.

(NOTE: If these activities have not been accomplished prior to the test, ask
your instructor when they should be completed.)

1 9C
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LAYOLiTS AND WORKING DRAWINGS
UNIT IV

ANSWERS TO TEST 4

1, a. 3 e. 5 i. 14 m.. 13
b. 6 f. 10 i 9
c. 11 g, 12 k. 7

n. 4

2.

d,

a.

b.
c.
d.
e.
f.

1 h. 2 I. 8

0
X
X

I 0
0
X

3. a. Zone for location of change

b. Letter of change

.

c. Date of change \ ...

d. Person checking change (approved by)

...

.R
,

"

4. a. Any two of the following: -4. r
.

.

1) Item numberzferring to assemblY drawing
2) Par( name

.
3) Number required .. ;.- ... ,...
4) Material frortywhich part is macje

.b. Any four of the following:
1) Stock number . - tir."--: . . . .. `.. .2) Description or nomenclature .; .
3) Address of vencrer

*
measure',4) UnIt'of

5) Group subessembl\7 where used
t 8)

7)
8)
9)

10)
11)
12)

Approval -

Release dàte
Originator .
Revision
Stock size '
Pattern number
Weight

4

'
.
'''

=

*01

, ..

.

46

..

.

,5. a. 3
b. 5
C. 1

d. 4
e. 2

,:- 6. a, cd;g, h

197

, .
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7. Any eight of the followlhg:
a.. Projection

- b. Line symbols and darkness
c. Proportions
d. Strength calculations
e. Function calculations
f. Cost calculations
g. Weight calculations
h. 'Shape or form determinations., *,
j. Stress analysis.

. .j. Way parts fit together
k. All critical dimensions
I. Notes for standard parts'or special processes
m. Clearances for moving parts.
n. Ease of assembly,
o. Ease of service4eilty ,
p. Standard parts recommended whereverpossible

Speciel manufactuying problemi

. -
9. a. Shape descijotion,--

b. Dimensions
c: Notes

9. a. 3_ ti.
b. 5 p. 2

.

11. - a, b; c, do.f.
or

r : 12. a, f.
.

-

yr.

13. a, Id, f
. a

'., 14 Evaluated tp, the satisfactiOn Of the instructor
a

6,

6

,

qr.

Al 4,

4).
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DIMENSIONING AND TOLER ANCING
UNIT V

.UNIT 01#ACTIVE

MD 221

After completion of this unit, the student should be aple to illustrate dimensigning toler-
ances /o include surface quality, position and geometricfr form dimansiotis., This knoWledge
wilt be evidenced by correctly performing the procedurei outlined in the assignment sheets
and by scoring 85 percent on the unit test. %.

. _

.
4.

.. . .
--,(NOTE: Studentt are expected to review ".DirReMioning Procedures

is andi,. gasic Toleranc- .-
. ing" of Basic Drafting, Book Two before attemptingthis unit.) ,, - , ..

, . w '' -,. . -s 5 .1 ' .
.-. % , .

. . . P E C t,F I C OftiECTIVU, . 4
. .

. :.. . .. . .. . . . ,_ ,. " '4 " . ! t ... --After.complOon Of this wait, the studerit shouldlieabhetcyr .
*-. , . if V, ' ... .0 . 94 '

Kr I
0

1. Match terms related to Idimensior4ng-andlcilerancinavvith, the carect ilefinitiorm
.... ., , . - .., -- . . . , . . . - . .- . . 4.-.-2; Distipgaish'betioveen.'size ind lbcation dimensions fot-a geometric stiope.,,,. 1-- . .... - 04 ,i %. t . :- * '' .... . .4 . a,

4

,
I..,

1 f,'-'
* 3-.'" Select mating dirr4enions in an,assernbly drawins.-. -t, .

- 4 .
; ' . 41 .

SF

-
, -

.7
41 S. 4. Select true stateinents concerning .nronerical Control dimensioning. -'; ,.. - . , .'. * .-..

- .; .....- - 5, Distoinguish.between fqs for inCh vits and fits_for--metric unks. &.. . ' . w b
..' .'' l''' ;., r : 11 CalcuJate-iimiti-A;incti unit .s-bsing basic hole -systeM. v., ,_.

MIN

"1

-.3. Calculate limit in inch units using basic shaft system.

8. Calculate limits,in metric units using basic hole system.

9. Determine the tolerance ranges for shop processts using the accompanying
table. 4

10. Distinguish between clearance fit and interference fit of hole size limits for
standard doikels.

11. Select true statements concerning limit dimensions for interchangeability of parts.

12. Arrange in order the steps for determining limit dimensions for intermediate
parts to retain overall limits.

13. Complete a chart of characteristic symbols for tolerances of position and form.

14: Match terms with the correct supplemen ry symbols for tolerances of position .
and form.

1 99
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0 ...

84
15. Match position and fopm symbols with the correct descriptions.;

.
1. Match the-descriptions of position ,and form with the.correct rneanihg of dk.aw- .

. , -
. . .. .

. _
17. Select true statement's concerning positidrial'tolerancrk g. .

A

.i ., W .0? :
W

yr.
. O.

I
1 a Distin9uish between maximum haterialiCohditiOn and redardless of feature size.. . .

, 7: : , - .
* .

. . .- .. ..O .

1. Slect txue statemenis concerriiri angLilar tolgran.ces. ... , t o6 .
... . . -

4 i-. .0*

. ...
: .. .

. . .

..

4 r.." e
-

- ill
20. State the purpCse of iurface goal tty specifications. . 4.f

0. , ...
.

. All
.. 2)." .1dehtity Parts qf a surface q-uality symbbl. , , -, i .. .

.. ...... , ,., . .. ... - . . 1 .:. -

, ... . _.t - _ . . 4.

-
. -... .

. 22.; _Select-true-statements cohcerning surface quany notes. ,
, ,.. ... owi, f

..- . a '. se 9... ,. . -.
-..k.,

4' ...
.;. 24 PlatchAy.symbols with'the.corrict designations.. . -......i .. ,
, .4. .

_ , , . rc .
r . .. I t a . . . f r,

. - ,
-- .

. . ." '.. '24.- Differentiate between correot end ivarred placement df svrface quality,iymbols., .
,

.-. .
Sella true itaferients cbncerning surface roughness produCed by common .pro-

11. auction methods using the acconapany,ing table.

2. Seleiet preferred' recommended roughness; waviness, and roughness width cutoff
. . vakres from tables:

.. a 27.- Demonstrate die ability to:

a. Dimension an Object completely.

b. Calculate and dirhension clearance fit tolerances using standard fit tables..
c. Calculpte and dirnension interference fit tolerances using standard fit tables.

d. Calculate and assign tolerances to mating parts using standard fit tables.

e. Calculate and dimension hole size limits for standard dowels'.

f. Dimension an object using position and form tolerances.

g Determine ranges of ?notion of limbs and spaces required for a person.

20ü

4001-
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.. .... SUGeESTED ACTIVITIES

. $.... . .
--1.- --- ,

a .4 i i -0 *
6 f s trill . .. ' .1.r

' ve .. -.1 -
..7-:--Proyide student with Objectiw sheet.

..,

:
.

It '. i .
*1. :. : mProvide student w

..

ith inforation 'and esiignneigiat.siets -.
.

. . c : i.',4 : .b,

If 14-Miake transparencies. -
, -

"".

r r.

r!
ow r

. DIMENSIONING ANO.TQLERANbINGUNJTV .(
s,

6.

.
rr'

<wr

MD -.223

IV.. Cri?cussiunit and specific objective's.

4.
-

D iSCL1SS information and assignment sheets.
$

VI. Develop a display of different types of gages with corresponding parts to be mea-
sured for size and location.

VII., Have students check a group of parts for correct dimensions by using, gages.

VIII. Provide part drawings for students to see specifiedlolerances.

IX. Visit a manufacturing quality control department to see how they operate and
inspect parts.

X. Give test.

INSTRUCTIONAL MATERFALS

I. Included in this unit:

A. Objective sheet
_

B. Information sheet

C. ;Transparency masters

1. TM 1--Tolerancing Terms

1A--Overlay

1B--Overlay

2. TM 2--Graphical Representation of ToleranceZcines (Metric)

3. TM 3--Metric Tolerance Designation

4. TM 4--Determining Limits for Hole and Shaft (Inch Units)

5. TM 5--Determining Limits for Hole and Shaft (Metric Units)

6. TM 6--Torerances Related to Shop Processes

201
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4

vr.

f-4*
.

, .
. 41.- Is.

.

- -4"

;

4
.

7.

.8.

9.

et.-
0' A

TM-.7--Hole Size for Snail/EPA Dowel (Fit Dimensions) .

.
7A-Overlay

TM 8--Interchangeability of Mating Parts (Problem),

TM 9--Interchangeability of Mating Parts (Calculations)

lo. TM'10 and Overlay 10A-Limits for Intermgdiate Parts

11. TM 11-Symbols for Tolerances of Position and Form

12. TM 12--Use of Symbols for Tolerances of Position and Form

13. TM 13--Application of Symbols to Position and Porm Tolerance
Dimensions

14. TM 14--No Specified Tolerance of Form

15. TM 15--Straightness

16. TM 16--Flatness

17. TM 17--Rouridness

18. TM 18--Cylindrieity

19. TM 19-Profile of a Surface

20. TM 20--Profile of a Surface Between Points

21. TV21 --Angularity of a Plane Surface

22. TM 22--Perpendicularity

23. TM 23--Perpendicularity (Continued)

24. TM 24--Parallelism

' 25, TM 25--Concentricity

26. TM 26--Symmetry*

27. TM 27--Positional Tolerancing

'28. TM 28--Tolerance Zones

29. TM 29--Cylindrical Tolerance Zones

30. TM 30--No Tolerance Accumulation

31. TM 31--Maximum and Least Material Conditions

32. TM 32--Regardless of Feature Size'

33. TM 33--Angular Tolerances

202
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_.-

34., TM 34--Surface Quality Symbol .

35. TM 35-- Lay. Symbols

D. Assignment sheets

_1. Assignment Sheet #1--Dimension an Object Completely

2. Assignment Sheet #2--Calpulate and Dimension Clearance Fit Toler-
ances Using Standard Fit Tables

3. Assignment Sheet #3--Catculate and Dimension Interference Fit Toler-
ances Using Standard Fit Tables

4. Assignment Sheet #4--Calculate and Assign Tolerances to Mating
Parts Using Standard Fit Tables

5. Assignment Sheet #5--Calculate and Dimension Hole Size Limits
for Standard Dowels

6. Assignment Sheet #6--Dimension an Object Using PositiOn and Form
Tolerances

7. Assignment Sheet #7--Determine Ranges of Motion of -Limbs and the
Spaces Required for a Person

E. Answers to assignmen;t sheets

F. Test '

G. Answers to test

II. References:
,

A. Giesecke, Frederick E., et al-. Technical Drawing. New. York 10022:,Mac-
millan Publishing Co., Inc. 1980.

B. . Levens, Alexander and William Chalk. Graphics in Engineering Design.
New York -.-Sohn Wiley and Sons, 1980., ,

Dent, Jos ., et al. Fundamentals of-Engineering Graphics. 51st edition,
Macrnill Publishing Co., Inc., 1979.

D. Jensen, Cecil 'and Jay Helsel. Engineering Drawing and Design. New York:
,Gregg vision/McGraw-Hill Book Company, 1979.

Americ National Standards Institute, Dimensioning and Tolerancing.
Y14.5-1973). New York 10017: American Society of Mechanical

Engineers, 1973.

F. Foster, Lowell W. Geo-Metrics. Reading, MA: Addison-Wes1ey1 974.

G. Dreyfuss, Henry. The Measure of Man: Human Factors in Design. 2nd
ed. New York: Whitney Library of Design, 1967.

?o3
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1

DIMENSIONING AND TOLERANCING
,UNIT V

INFORMATION SHEET.

I. Terms and definitions (Transparencies 1,, 2, and 3)

A. Interchangeability-The condition that refers to a part made to limit dimen-
sions so that it will fit any part similarly manufactured; the ability of mating
parts to lit properly together

B. Geometric shapes-Shapes such as prisms, cylinders, pyramids, cones, and
A,spheres .

s

"(C. Size dimension-Any type of dimension that tells how large or small an
object is

. ...

D. LocatiOn dimension-Ally type of dimension that locates a feature on an
object

E. ToleranceThe total amount of variation permitted in limit dimensioning
of a part; the difference between the limit dimensions (Transparency 1)

. .
F. Basic site-The size of a part determined by engineering and design require-

ments from which the limits of size are determined; the line of zero deqia-
tion .

G. Limits--The extreme permissible dimensions of a part resulting from the
application of a tolerance; the maximum and minimum size.indicated by a
tolerance

H. Maximum material condition (MMC)--Used when maximum material is
present in a feature

(NOtE: This is the smallest hole, largest shaft.)
1

I. Least material condition (LMC)--Used when the least material is present
in a feature

(NOTE: This is the largest hole, smallest shaft.)

J. Upper deviation-Qifference between the maximum limit and the basic size
,

K. Lower deviation-Difference between the minimum limit and the basic size

L. International tolerance glade-Group df tolerances numbered 01 16
., .

(NOTE: 01 thru 5 are used for gages, 6 thru 12 are used for fits, and 13 thni
16 are used for general dimensioning.)

, M. Fundamental deviation--The deviation nearer the basic size for the hole
and hear the basic size for the shaft

(NOTE: The fundamental deviation is an, upper case letter for holes and
a lower case letter for shafts.)

. -. 204
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INFORMATION SHEET

N. Tolerance zone-The association of a fundamental deviation (letter) with
an kgrernational tolerance grade ( IT number)

0. Basic hole system--The basic size of the hole is the design size (basic size) and
the allowance is applied to the shaft

(NOTE: The fundamental deviation for a hole system is H.)

P.. Basic shaft system-The basic size of the shaft is the design size and the
, allowan0 is applied tel the hole

,

(NIKE: Thetamental deviation for a shaft system is h.)

Q. Clearance fit-Limits of size are, determined so that a loose fit or positive
allowance occurs between mating parts'

R. Interference fit-Limits of sizerare determined so that a negative allowance or
tighi fit omit's between mating parts

S. Transition fit-Limits of size are determined so that the allowance may be
either a clearance fit or an interference fit

T. Altowance--)1ie minimum international difference in the dimensions of
matihg parts to provide for different classes of fits; the minimum clearance

. or maximum interference when parts are at maximum material condition
(MMC1

U. Datums-Points, lines, Or other.egeometric shapes assuued to be exact from
which the location or geometric form of features of a art may be estab-
lished

V. Positional tolerance-Exact theoretical position of a feature established
by basic dimensions

.
.

(NOTE.,i The term "positional tolerancing" has the same meaning as "true
positiolVtolerancine). ..

W. Form tolerances-Maximum allowable variations of a perfect geometric shape .

X. Surface qualityl-Roughness, waviness, and lay of a surface which may
include certain flaws

V. Lay--Direction of the major surface ilatterri determined by manufacturing
method.used

Z. 13oughnesk-Fine irregularities in surface texture

AA. Wavinesi--Widely spaced element of a surface texture

BBs. Arithropometric data---Measurcemints of the buman body and its parts

4
4

205
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INF9RMATION SHEET

II. Size and location dimensions for geometric shapes
,

A. Size diniensions
..

4

1. Prisms

2. Cylinders

_

I

1

4

4

_-
.11,.

1

(NOTE: Diameter is not recommended for circular view but ANSI
does approve its use.)*

_

3. Miscellaneous shapes

...
- --1-

4

4 1

-

I

..

I

r

MD 229
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........................
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INFORMATION SHEET

4: Holes (negative cylinders)

(NOTE: These may be drilled, reamed, bored, punched, c9r cored
specified by standard notes.)

-DR DEEP iCLES

"5. PE -1.

B. Location dimensions

4Dt

3-5 3E30 A

1. Rectangular shapes--Reference to their faces

:.

1 1

2. Cylinders or holes- Referehce to their center lines

(NOTE: Location dimensions are best located in circular view.)

-

I I

207



INFORMATION SHEET

III. 'Mating dimensions in an assembly drawing

A. Dimensions common to both parts

rolo)
M DEEP ;-7

44- .

'MD 231

-41- '

1,4..T NG

1

B. Single bracket assembly

(NO-TE: Critical dimension "A" of frame must mate critical dimension "A"
of bracket.)

NC,

ROTATING SHAFT

20 S

FRAME

"A" is critical dimension

"B" and "C"
are not critical dimensions
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INFORMATION SHEET

C. Double bracket assembly

(NOTE: With double bracket design, dimension "B" is critical dimensiori
that must mate on both parts.) ,ar...--REVOLVrNG SUPPORT

1.

BRACKET-,.....n BRAtKET

ROTATING SHAFT

"B", is critical dimension

FRAME

: IV. Numerical control dimensioning

A. Datum or reference planes must be selected that are
in the X, Y, and Z axes tg

B. Dimensions originate froth the three planes '

C. Dimensions must be in decimals

mutually perpendicular

4

D. Angles should be in degrees and decimal parts of degrees

E. Standard 'tools such as reamers, drills, and tapers should-be specified wher-
ever possible d

F. Tolerances should be used based on design requiiements rather than toler-
ances of manufacturing fnachines

V. Fits

-
A. Fits for inch units

,

1.. Running andsliding fits
.. i

'a. RC 1 (Close sliding fits)

. b. RC 2 (Sliding fits)

c. RC 3 (Precision running fits)

. 209
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d. RC 4 (Close running fits)

e. RC 5-RC 6 (Medium running fits)

f. RC 7 (Free running fits)

g. RC 8-RC 9 (Loose running fits)

2. Locations Nits

a. LC 1-LC 11-(Locational clearance fits)

b. LT 1-LT 6 (Transition fits)

c. LN 1-LN 2 (Locational interference fits)

3. Force fits

a. FN 1 (Light drive fits)

b. FN 2 (Medium drive fits)

c. FN 3 (Heavy drive fits)

.d. FN 4-FN 5 (Force frts)
,

B. Fits for metric units MI)

1. Clearance fits

HOLE SHAFT
BASIS BASIS, ,.

a. H 11/c 11 C 11/h 11 (Loose running fits)

b. H 91d 9 D 9/h 9 (Free running fits)"

c. H 8/f 7 ,F 8/h 7 (Close running fits)

d. H 7/g 6 G 7/h 6 (Sliding fits)

e. H 7/h 6 H 7/h 6 (Locational clearance fits)

2. Transition fits

HOLE SHAFT

a. H 7/k 6 K 7/h 6 (Locations' transition fits)

b. H 7/n 6 N 7/h 6 (Locationsl transition fits)

210
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3. 'Interference fits

a HOLE SHAFT

a. H 7/p 6 P 7/h 6 (Locational interference fits)

b. H 7/s 6 S 7/h 6 (Medium drive fits)

c. H 7/u 6 U 7/h 6 (Force MO

.0'
VI. Calculation of limits in inch units using basic hole system (Transparency 4)

A. Calculation of limits for clearance fit

1. Refer to tolerance fit table ior inch units, and locate basic hole.size in
Nominal size range, inches column

(NOTE: Limits are irrthousandths of 'an inch. Multiply limit by .001
for calculations.)

Example: Basic hole size 2.00 fit RC 6 --Go to table--

Nominal
size range,
inches

Limits of
clearance

Standards"
limits

Hole . Shaft

1.97-3.15

_ -

2.5
; 7.3

+3.0
0

-2.5
-4.3

.

2. Calculate limits for the hol t

Example: 2.000 + 3.0 (.901) = 2.003 Max. limit (LMC)--largest hPle
2.000 - 0 = 2.000 Min. limit (MMC)--smallest hole

3. Calculate limits for the shaft

Example: 2.090-2.5 (.001) = 1.9975 Max. limit (MMC)--largest
shaft .

2.000-4.3 (.001) = 1.9957 Min. limit (LMC)--smalleit,
shaft

.4. Calculate allowance in inch units

a. Calculate tightest fit (MMC of hale- MMC of shaft)
'smallest hole-largest shaft

Example: 2.000-1.9975 = .0025

. b. Look at table under Iirritts of clearance and check your answer
, against table

Example: : 2.5 which checks

i,%' 4.

21 1
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c. Calculate loosest fit (pAC of hole LMC of shaft)
- 01.gest hole smallest shaft,

Examplei 2.0030-1.9957 = .007

d. Look at-table under..limi'ts of clearance and chetk your answer
againit-tabre '

7.3 which checks

.5. Dimension

1.9975 2.003
. .

1,9957 2.000

B. Calculation of limits for locational fit

1. Refer to fit table for inch units, and locate basic hole size in Nominal
size range, inches column

Example: Basic size 2.00 fit LT 4 s-GO to table-

2. Calculate limits for the hole

Epmple: 2.00 -P1.8 (.001) = 2.0018 LMC
2.00 - 0 = 2.0000 MMC

3. Calculate limits for the shaft

Example: 2.00 + 1.3 (.001) = 2.0013 MMC 4

. 2.00 + .1 (.001) = 2.0001 LMC

4. Calculate fit

'a. Calculate tightest fit.(MMC of hole MMC of shaft)

E I : 2.0000-2.0013 = .0013.

b. Calculate loosest fit (LMC of hole -LMC of shaft)

Example: 2.0018-2.0001 = + .0017

21 2
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- sc. Check'table anCier fit to check your answer

..

,

a
. Dimension ,

'
b

2.0013 2.0018

. 2.0001. 2.0000

C. dalculatiOn of limits for force fiti

1. Refer to fit table for inch units, and locate basic hole size in Nominal
size range, inches column

Example: Basic size 2.00 fit FN 3; --Go titi table--

2. Calculate limits fOr the hole .

Example: 2.00 + (1,2) (.001) = 2.0012 LMC
2.00-0 = 2.0000 MMC

3. Calculate limits for the shaft .

Example: 2.00 + 3.2 (.001) = 2.0032 MMC
, * 2.00 + 2.5 (.001) = 2.0025 LMC

4. Calculate limits of interference

7

,

,

a. Calculate tightest interference (MMC of hole MMC, of shaft)
,

Example: 2.0000 2.0032=.0032

T b. Caliculate loosest intetference (LMC of hole LMC of shaft)
ft..,

Example: 2.0012-2.0025 =r-.0013

(NOTE: Notice both have negative values.)

-

c. Check table under limits of interference to check your answer

, 213
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5. Dimension

2.0032 2.0000
2.0025 2.0012

1

VII. Calculation of limits in inch units using basic shaft system
v

A. Refer to fit table for inch units, and locate the basiehaft size

Example: Basic shaft size 2.00 fit RC 6 -GO to tab

Norbinal Standards
size range,

inches
bmits of
clearance

limits
ShaftHole

1.97-3.15 2.5 , +3.0 -2.5
4' 7.3 0 ' -4.3

B. Calculate basic hole size by adding allowance at MMC to basic shaft size

Example: 2.000 + .0025 = 2:0025 basic holesize

(NOTE: Now use table as we did in basic hole system.)

C. Calculate limits for the hole

Example: 2.0025 +3.0 (.001) = 2.0055 LMC
. 2.0025-0 = 2.0025 MMC

D. Calculate limits for the shaft

Example: 2.0025-2.5 (.001) = 2.0000 MMC
2.0025-4.3 (.001) = 1.9982 LMC

E. Calculate allowance

1. Calculate tightest fit (MMC of hole - MMC of shaft)

Example:.2.0025-2.0000 = .002,5

2. Check allowance frorrr table

21 4
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1,

3. Calculate loosest fit( LMC of hole LMC of shaft)

Example: 2.0055 1.9982 = .0073

4. Check allowance from table

Calculation of limits in metric units using basic hole system (Transparency

A. Calculation of limits for clearance fit

1. Refer to fit table for metric units, and locate basic size in Basic Size
column

Example: Basic hole size 40mm fitH7/g6 --Go to fit table-- ,

,
Basic

Size

Thbfole
H7

Shaft
g6 1

,

Fit

40 Max. 4

Min.
40.025
40.000

39.991
39175

0.050
0.00Y

2. Read frOTtible hole limits

Example: H7 40.025 maximum hole LMC
H7 40.000 minimum hole MMC

3. Read from table shaft limits

Example: g6 39.991 maximum shaft MMC
g6 39.975 minimum shaft Llyla

4. Calculate allowance

a. Calculate tightest fit (MMC of hole - MMC of shaft)
smallest hole - largest shaft

Example: 40.000-39.991 = .009 mm
.

. .

b. Check table under minimum fit", to check this calculation
.

c. Calculate loosest fit (LMC Of hole - LMC of shaft)
largest hole smallest Waft

Example: 40.025-39.975 = .050

d. Check table under maximum fit to check this calculation

215
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5. Dimension

39.991 40.025

39.975 40.000

ii,

r
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B. Calculation of limits for transition fit

1. Ref& to fit table for metric ,units (SI), and lote basic size in Basic
Size column .

Example: Basic size 40mm fit H7/k6 --Go to table--

2. Read from table hole limits

Example: H7 40.025 LMC
H7 40.000 MMC

3. Read from table shaft limits

Example: k6 40.018 MMC
k6 40.002 LMC

4. Calculate fit

a. Calculate tightest fit (MMC of hole MMC of shaft)
4"

Example: 40.000-40.018 = .018

b. Calculate loosest fit (LMC of holeLMC of shaft)

Example: 40.025-40.002 = + .023

5. Dimension

I

40.018 40.025

40.002 40.000

4 4

2 1 a

,

,
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C. Calculation of limits for interference

1. Refer to fit table for metric units (SI), and locate basic size in Basic
Size column

Example: Basic size 50mm fit H7/u6 --Go to table--

2. Read from table hole limits

Example: H7 50.025 LMC
H7 50.000 MMC

3. Read 'from table shaft limits

Example: u6 54086 MMC
, u6 50.070 LMC

4. Calculate allowance

a. Calculate tightest fit (MMC of hole MMC of shaft)

Example: 50.000-50.086 =.086

b. Calculate loosest fit (LMC of hole LMC of shaft)
1

Example: 50.025-50.070 = .045

5. Dimension

50.086 50.025

50.070 50.000

. -
IX. Tolerance ranges for shop processes

A. Processes (Transparency 6)

1. Lapping and honing smallest tolerance - most expensive

2. Grinding, diamond turning, and boring

3. Broaching

4. Reaming

21 7
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5. Turning, boring, slotting, planing, and shapin5

6. MiHing

,

, 7. Drilling.- rargest tolerance least expensive

B. Tolerance ranges

1. Inch units

. Metric unitsMultip:25.4 times values in table

X. Hole size limits for standard dowels (Transpqrency 7)

A. Clearance fit--limits of clearance,given

1. Tjghtest 'fit = MMC hole MMC shaft

2. Loosest fit = LMC holeLMC shaft

3. Limits of clearance: smallest number is tightvst fit; largest nuiriber is
loosest fit

B. Interference fitz-limits of interfe iven

1. Tightest fit= MMC hole MMC spa.

46, 2. Loosest fit = LMC shaft

3. Lirnits of interferencei largest number 'is tightest fit and is negative;
smallest number is loosest fit and is negative

Xl. Limit dimensions fbr interchangeability of parts

A. Parts should betoleranced to fit end-for-end to make asserhlily easier if
function is not affected (Transparencies 8 and 9):'

L

I.

218
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B. Find limit *mansions of each part and dimension so parts fit' end-for-
end

Example: Nominal size ,.500; .004 paximum
accumulation of tolefance; clearance
between each mating part .005;
leqsest fit not to exceed .015 YOKE

CLEVIS

C. Since parts must fit end-for-end, the limit dimensions must be the same
. on both ends

. -

D. Select the c9Ler.dimension to be basic size

(NOTE: It could be yoke or clevis. Yoke was selected for the following
example.)

Example: Yoke (B) MMC .500
clearance -.005
Clevis (B) MMC 7497

E. Distribute maximum accumulation equally on each side of parts

(NOTE: As you can see in the following example, 3 does hot divide into
.004 evenly, so we give .002 to the center (B) and .001 to both sides A and
C.)

Example: .002 tolerance distribution -
.001 tolerance'distribution
.001 tolerance distribution
M021 maximum accumulation

F. Calculate LMC for center (B)
ale

Example: Yoke (B) MMG= .500
(B) Tol. = + .002

Yoke (B) LMC= 7507

ta,

Clevis (B) MMG= .495
(8) Tel. = -.002

Clevis (B) LMCF .74137

iNOTE: The + and - signs are for LMC; that is, if a feature is like a hole,
l:.MC is "+," Of a feature is like a shaft, it is "-:")

21-9
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G. Calculate MMC for sides (A or C)

1. Use LMC of yoke (B) for LMC of clevis (A) or (C)

Example: Clevis (A) or (C) LMC = .502
Tol. dist. = .001

Clevis (A) or (C) MI.V:IC = .501

2. Use LMC of .clevis (B) for LMC of yoke (A) or (e)
,

Example: Yoke (A) or (C) LMC = .493
Tol. dist. =

Yoke (A) or (C) MMC = .494

..

I

I
MD 243

1

H. When each part is tolerariced, an accumulation of tolerance must be
checked

1. Add up maximum and minimum values

Example: Max. of yoke Min. of yoke

.494 .493
....e, / .502 .500

.494 .493
17115 1748E

Max. of clevis Min. of clevis

r

.502 .501

.495 .493

.502 .501
:174gg TAN

2. Subtract minimum of each part from the maximum of plating part
-

Egarnple: Max. of yoke Min. of clevis = clearance (overall)
Max. of clevis7Min. of yoke = loosest fit

1.490-1.495 = .005 (checks for clearinCe)
1.499-1.486 = .013 (checkl within loosest fit)

24.o
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XI I. Steps for determining limit dirnorisions for intermediate parts to retain oVerall-

limits (Transparency 10)

(NOTE: Always use largett possible tolerance.)

A. Find limit dimensions
,

Example:
...

I

BASIC SIZES

A 1.375
B 1.250 ..

D
...-1,-

E F G

a
C

D
1.750:',
1.500 -*

10.639
10.625

E 1.750
F 2.000

o G 1.000

,

i

9. Subtract upper and lower limits of overall dimension to get total tolerance
accumulation

Example: 10.639-'10.625 = .014 total tolerance accumulation

C. Divide total tolerance accumulation by number of toleranced parts to
get tolerance per part

Example:
0---14

= .002 tolerance per part
7

-

o

D. Add tolerance per part to each basic size to get upper limit of eacll part .

,..
Example: 1.375 1.250 1.750 1.500

t) + .002 + .002 + .002 + .002
1.377 1.252 1.752 1.502

1.750, 2.000 1.000
+ .002 + .002 + .002
TM' 2.002 170-70.

(NOTE .,The lower limit is basic size.)

I?

.,
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E. Check by adding upper timits together to get upper limit of overall dimen-
sion

Example: 1.377 + 1.252 + 1.752 + 1.502 + 1.752 + 2.002 4- 1.002=10.639

err

1.3771.252 1.752 1.502 1.752 2.002 1.00

1.3751.250 1.750 1.500 1.75(rhm"2.000 11 I
10.639
10.625

XIII. Characteristic symbols for tolerances of position and form (Transparency 11)

lit

.

, Characteristic Symbols .

4)

'
.42

/-.
E
ii

LL.

.

"6 0
= T.P a

c u ..

Straightness
Flatness

p .C.:7 -

Roundness; Circularity 0
Cylindricity .XY

'ill
Profile of a line (--N

Profile of a surface cl

2

aco
.2)

LL

i.
13

Angularity .z
Perpendicularity .1_

Parallelism //
ca

g t;il
c.) a,

Positon -G-
Concentricity

- 0
Symmetry

4.----
=0 u)
0 0zi--
cr

Circular /
Total 4. 7-

222
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XIV. Terms and supplementary symbols for tolerances of position and form
(Transparency 11)

A. Maximum material condition (MMC)--

B. Regardless of feature size (R FS)-- 0

C. Diameter (D1A)-0
D. Reference (Ref)--( )
E. Basic (BSC)--

F. Projected tolerance zone-- 0

XV. Position and form symbols (Transparencies 1Pend 13)

A. Basic dimension symbol .
t

B. Datum symbol with datum reference

C. Feature control symbols'

1. Geometric charaCteristic'symbol

2. Tolerance

3. Modifier

D. - Feature control symbols with datum references

1. Symbol

2. 'Datum reference to one or two datums

3. Tolerance

4. Modifier

a. Of datum

b. Of tolerance .

XVI. Descriptions of position and form . , ft

-IC :- NO Ipecifierfolerafité dfi toren TTransparency 14

B. Straightness (Transparency 15)

C. Flatness (Tranparency 36)

.,

,

,

,
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D. Roundness (Transparency 17)

E. Cylindricity (Transparency 18)

F. Profile of a surface (Transparency 19)

G. Profile of a surface between points (Transparency 20)

H. Angularity (Transparency 21)

I. Perpendicularity (Transparencies 22 and 23)

J. Parallelism (Transparency4)

K. Concentricity (Transparency 25)
it

L. Symmetry (Transparency 26)

XVII. PoSitional tolerancing (Transparency 27)

A. Tolerance zpnes (Transparency 28)

1. Conventional ,limit location dimensions have 'a square tolerance
zone

2. Positional tolerancing allows a circular tolerance zone

B. Cylindrical tolerance zones (Trarisparency 29)Positional tolerincing
allows more tolerance than conventional limit dimensions

C. No tolerance accumulation is found in positional tolerancing (Transparency
30) ..

I.

D. Extreme angular variation in drilling a hole under positional tolerancing
is possible ,

XVIII. Maximum material condition (MMC) and regardless of feature size (RFS)

A. MMC--Less restrictive (Transparency 31)

B. RFSMore restrictive (Transparency 32) ,

XIX. Angular tolerances (Transparency 33) -

A. Bilateral angular tolerances--Cause a larger tolerance zone as you move from
the vertex

B. Basic angular tolerancesUsing angular feature' controls causes a parallel
tolerince zo ne _.

.
.

XX. Purpose of surface quality specificationsUsed where heavy loads 'and high
speeds with less friction are needed

ExamplerAerdspace, automotive, and aircraft industries

9 el 4
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XXI. Parts of a surface quality symbol (Transparency 34)

A. Roughnesi height

B. Waviness height

C. Waviness width

D. Roughness width cutoff

E. Lay

F. Roughness width

XXII. Surface quality notes

A. Values are in micrometers or microincl)es

B. Higher number of micrometers or inches indicates rougher surface

C. Symbol is always made in the-standard upright position

D. The roughest surface that will satisfy function and form is the ideal finish

, XXIII. Lay symbols (Transparency 35)

A. =-Parallel to surface

B. 1.--Perpendicular to surface

C. X-Angular to surface

D. M-MulfidirectionaT

E. C--Circular

F. R-Radial

G. P
3-Particulate, non-directional, or protuberant

XXIV. Placement of surface quality symbols

A. Placed on,edge of surface

B. 'Read from bottom of sheet



C. Typical placement

INFORMATION SHEET

XXV. -Suriace roughness produced by common production methods

ROUGHNESS HEIGHT RATING. MICROMETERS (MICROINCHES) KA
50 12 5 3.2 0 SO 0.20 0.05 0 012

(2000) (500) (125) (32) (2) (0.5)

PROCESS
'

25 6.3 1 6 0.40 0 10 0.025
11000) (250) (63) (16) (4) (1)

t

Flame cutting
Snagging
&Ming
Planing, Shaping

=NMI=
MMIIMMEIMS

...Li whIL

Drilling
Chemical milling.
Elect discharge mach
Milling ±S!111111.11MS

MIMIIMIESS
MMIIIMEMM
NSZSAIIIIMSM

-

Broaching
Reaming
Boring, Turning
Barrel finishing

MIIMIMD:5:!i
"SOIIIIIIMMV------ '

liS-MINEMBINIS

Electrolytic grinding
Roller burnishing
Grinding
Honing

M5111.0.1.1111Z=
.:911MIK:==NM=

=111INIMIIMM:=
q

Polishing
Lapping
SuperRnishing
l

S5MMENIIIM:SX51=
StillOMIIMI=
NSS:=MMIN:=

Sand casting
Hot rolling
Forging
Perm mold casting

S:SZEIKM
MINIMICK1

TF:MINIMISM
'

Inveatamnt casting
Extruding
Cold rolling,Drawing
Die ousting

4

03=1111MIN
srmamssoz

=MIMI:SS=NM
.

,
NEY Average agookation

Tlito ranges shown above are tapirs, oll
laiglior et lower values may be slatairred

.

fTellunt 1141Cation%. 14 Lees

the preeesoea Voted
under special eeedttlerts

22.Q
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XXVI. Recommended values for surface quality symbols

A. Roughness average rating values--Preferred values in boldface type

Recommended Roughness
AVerage Rating Values

Micrometers (Microinches)
pm pin. pm gin.

0.025 (1) 1.25 (50)
0.050 (2) 1.6 (63)
0.075 (3) 2.0 , (80)
0.100 (4) 2.5 (100)
0.125 (5) 3.2 (125)
0.15 (6) 4.0 (160)
0.20 (8) 5.0 (200)
0.25 (10) 6.3 (250)
0.32 (13) 8.0 (320)
0.40 (16) 10.0 (400)
0.50 (20) 12.5 (500)
0.63 (25) 15.0 (600)
0.80 (32) 20.0 (800)
1.00 (40) 25.0 (1000)

B. Waviness height values--Preferred values in boldface type

Recommended Wavinets
Height Values,

Millimeters (Inches)
mm in. :: mm in.

0.000,5- (.00002) 0.025 (.0010)
. '0.008 (.00003) 0.05 (.002)

0.0012 (.00005) 0.08 (.003)
0.0020 (.0008) 0.12 (.005)
0.0025 (.00010) 0.20 (.008)
0.005 (.0002) 0.25 (.010) ,
0.008 . \ (.0003) 0.38 (.015)
0.012 (.0005) 0,50 (.020)
0.920 (.0008) 0.80 (.030)

C. Roughness width cutoff values--Preferred values in boldface type

Recommended
Standard Roughness
Width)Cutoff Values.
Millitneters (Inches)

7T7T11 iTT.- RIM" III

0.08 (0.03) 2.50 (.100)
0.25 (.013) 8.0 (.300)
0.80 (.030) 25.0 (1.000)

22 7
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Graphical Reinesentation

%of Tolerance Zones

Alw

(Metric)
Fundamental
Deviation

CD
Y

Zero Line

[Holes

Fundamental
Deviation

4
J ;
JSasic Size

Basic Size,
ZC

Zero Line

Fundamenial
Deviation

Fundamental
is Deviation
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Metric Tolerance Detignation
,

Internal
Dimensions

Hole

Basic Size

..

50 H8 ,

A )

. External
Dimensions

1

Shaft

Y

50

..

,

MD 259

Fundamental.
Deviation
(POSITION LETTER)

International
ToleranceGrade
(IT NUMBER) ""

Tolerance Zone
.>

International
Tolerance Qrade

(IT NUMBER)

Fundamental
Deviation
(POSITION. LETTER)

Designations of Tolerances on Drawings

...

(b)

(c)

50H8

H

50H8 50'039
50.000

50.039 (50H8)
50.000

A

2 3 5

H

H

/
TM 3
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-Determining Limits for Hole and Shaft (Inch Units)

Tolerance-

Table

Problem: Find limits
Basic Size = 3.75
RC 5 Fit

L ass RC 5 Class RC 6 , iss 11 3 C ass l T 4

Nomata,
Sae Range

,nches

Over To

Class FN 3 . Class FN 4
Nornato

S'lf-C4'''ge
o. hes

,,
O 0
,. .7

i i
'-'

.

.5tandard
trehts 'a 0

4C 2
E :1

L `1'

' Standard
i.,,,,ts

F.t
.

stand ird
LAmts

f ,t

r

sten taro
Lellts

11
0O ,...

E u
L E

StaAdard
Lands

I:

O E
IS :t-
't u

..- :=

Standard
Laws

Hole

H8
-

Shift
e7

Hole

H9

Shah

e8
A

Hole
H7

Sh rft
i6

Hole

H8

Shaft

k'
Hole
H7

Shaft
76

Hole
H7

Shaft
u6

Over Tl,

0 - 0 12 06 06 -06 06 10 06
.

0 - 0 12 03 +04 095
16 0 10 22 0 -12 095 -0 07

0 12- 0 24 OS .07 -OS 05 I2 -OS 0 12- 0 24 04 +05 12
20 0 13 27 0 15 ' 12 -0 + 09

0 211- 0 40 10 09 10 10 .14 -10 05 .06 .05 07 .09 .07 024- 040 06 +06 16
25 0 -16 33 -0 19 0.5 0 01 0111 0 .01 16 -0 + 12

0 40- 0 71 12 +10 12 ,I2 .16 12 05 .07 +05 OS I0 +05 0 40- 0 56 07 +07 ' IS
29 0 19 38 0 22 .06 0 01 .09 0 01

r
1S -0 + 14

0 71- I 19 16 .12 16 16 .20 -16 06 011 06 09 .12 .09 0 56- 0 71
4 0.7 +07 12

34 0, 24 45 0 -24 -4-07 -0 +01 .11 - 0 +01 IS -0 + IA
119- 1 97 20 IO 20 20 .25 -2.0 07 +10 +07 II 16 11 0 71- 0 95 05 0; + 21

46 0 30 61 0 -36 .09 -0 .01 +.15 0 .01 21 - -0 + 16
1 97- 315 25 .111 25 25 30

....

25 011 +12 06 13 .15 +13 0 95- I 19 05 OS I- 21 10 +0.11 + 23
55 -0 ' 37 73 0 -43 .11 -0 +01 .17 0 +Of 21 -0 16 23 -0 II

3 ts- 4 73 30 .22 -30 30 .35 30 10 +14 I0 15 .22 +15 I 19- 1 58 10 +10 26 15 +10. + 31
66 -0 -44 117 0 -52 .13 0 .01 .21 -0 01 26 -0 + 20 31 -0 + 25

158- 197 12 +10 + 211 15 +10 + 34Basic hole system Limits are m thousandths of an mch 2$ -0 + 22 34 -0 + 22

r 1 97- 2 56 13 +12 + 32 2.3 +12 + 42
32 -0 23 42 -0 + 5.2Ie.:- r.k .4+ ......A kr.le. CM. afinr.

3.7470 3.7500
3.7456 3.7522

296

gre 1. From tol fit table
Hole + 2.2 Shaft 73.0

- o -4.4
2. Hole

3.7500 3.7500
+ .0022 . - 0.
3.7522 "3.7500

3. 'Shaft
3.7500 '17500
.0030 .0044

3.740; 3.7456

. 4. Check Clearance .

Tightest fit, MMC
3.7500 Hole

-3.7470 Shaft
.0030

Loosest fit LMC
3.7522 Hol4

-3.7456 Shaft
.0066

5. Check table under
fit

237



00

Determining Limits for Hole and Shaft (RA%metric Units)
Clearance Fits, Hole Basis

Tolerance
Fit
Table

BASIC
SIZE

, LOOSE RUNNING
Holt Shaft Fit
H11 c11 .

FREE RUNNING
Hole Shaft Fit
H9 1:19

CLOSE RUNNING
Hole Shaft Fit
H8 f7

SLIDING
Hole Shaft

H7 426

-

Fit

LOCATIONAL
CLEARANCE

Hole Shaft Fit
H7 h6

40 MAX 40 160 39.810 0 440
t
40.062 39 920 0 204 40 039 39 975 0 089 40 025 39 991 0 050 49.025 40 000 0 041

MIN 40 000 39.720 0 120 40 000 39.858 0 01110 40 000 39 950 0 025 40 000 39 975 0 009 40 000 39 984 0.000

50 MAX 50 160 49 870 0450 50.062 49.920 0 204 50 039 49 975 0 089 50 025 49 991 0 050 MI 025 50 000 0 041
' MIN 50 000 49.710 0 130 50 000 49 858 0 080 50 000 49 950 0 025 50 000 49 975 0 009 50 000 49 924 0 000

60 MAX . 60 190 59 860 0.520 60 074 59 1000 0 241 60 046 59 970 0 106 60 030 59 990 0 059 60 030 60 000 0 049
- . MIN 60 000 59.670 0 140 60 000 59 826 0 100 60 000 59 940 0 0311 60 000 59 971 0 010 60 000 59 981 0 000

$O- MAX
MIN

80.190 79150
80.000 79.660

0.530
0.150

80 074
80.000

79.900
79.826

0.24
0.100

90 046
80 000

79 970
79 940

0 106
0 030

80.030 79 990
80 000 79,971

0 059
0 010

80 030
80 000

80 000
79.981

0 049
0 000

100 MAX 100.220 99.830 0.610 100.087 99480 0.294 100 054 99 964 0 125 100 035 99.91111 0 069 100 035 100 000 0 057
MIN 100.000 99.110 0 170 100.000. 99.793 0.120 100.000 99 929 .. 0 036,100 000 99 996 0 012100 000 99 9fit o 000

. -
320 WIS. 120.220419.820 0 620 120 087 119.890 0 294 120 051 119 964 0 125 120.036 119 911111 0 069 120 035 120 000# 0 057

MIN 120.000 119.600 0.110 120 000 119 793 0.129120 000 119 929 0 036 120.000 119 966 0 0f2 120.000 119 978 0 000

160 MAX 160.250 159.7110 0.710160 -100 159.855 0345 16e/63 159 957 0446 18p 041%1591'9n 0.079 160 040 160 000 0 065
. MM 160.000159.540

1

0.210 190 000. 159t55 0 145 160 000 159.917 0 043 160.000 159 961 0.014 160 000 159 975 0 000

°Problern,
Find lirriits4cir 06ft
Basic Size = 40mm
Fit H7/gfi

irnensio'ns are m mm

and hole

39.991 40025
39.975 40.000-T-

239

Solution:
"

1. From toll fit tables, locate
40mm basic size

.2. Hole limits
F17 .40.025 LMC (Max hole)

40.000 MMC (Min hole)

Shaft limits
g6 39..991 MMC (Max shaft)

39.975 LMC (Min shaft)

ANSI 84 2 1978

.t

4. Cheek Clearapce
Tightest fit MMC

40,000 Hole .

-39.991 Shaft
.009

Loosest fit LMC
40.025 Hole'
-39.975 Shaft

.050
Check table
under limits of fit



Tolerances Related
to Shop Processes

MD - 265

Range of Sizes
3

From To & Inc!
'

,
. .

1-
tbleiances ..

.., ccOala.......,

.000 .599 .00015 0002 0603 .0005 .0008. .0012 002 003 .005

.600 , .999 .00015 .00025 0004 .0006 .001 0015 0025 004 .006

1.000 1.499 0002 0003 0005 0008 .0012 .002 003 .005 .008
4.500 2.799 .00025, 0004 .0006 001 0015 0025 .004 .006 010
2.800 4.499 ".0003 .0005 0008 _0012 .002 .003 005 .008 .012

4.500 7.799 .0004 .0006 , 001 .0015 0025 .004 .006 010 015
7.$00 13.599 - .0005 .0008 0012 .002 .003 005 008 012 020

13.600 20.999 .0006 .001 .0015 .0025 .004 .006 .010 015 .025

Lapping & Honing

Grinding, Diamond
Turning-8, Boring

Broath'in(
Reaming

Turning, Boring.
,

Slotting, Planing &
Shaping ..

Milling

Drilling
. ,

-

, 24(L.

Va.

TM 6



MD 267

Hole Size for Standard Dowel
(Fit Dimensions)

Directions: Determine Hole Limits for Each
MatingSituation withDefined Dowel & Fit Lirriits.

. Problem 1 Dowel' .2502 MMC
.2500.LMC

RC3 Fif
Limits of

Clearance
.0005,.0015

Problem

p.

Dowel ;2502 'IV1MC
_ .2500 LMC

FN2 :Fit
Limits of

Interference

211
TM 7



.2515

.2507
Tightest Fit =*MMC of Hole

.0005 = MMC of Hole

.2507 = MMC.of Hole
Loosest Fit = LMC of Hole-

. .0015 = LMC of Hole-
. 2515 = LMC of Hole

JP

-MMC of Shaft
-.2502

. 2496

. 2488
Tightest Fit = MMC of Hole- MMC of Shaft

- .0014 = MMC of Hole - .2502
.2488 = MMC of Hole

Loosest Fit = LMC of Hole- LMC of Shaft
-.0004 = LMC of Hole- .2500

. 2496 = LMC of Hole

0

LMC of Shaft
.2500

MD - 269

1

2.12
Overlay 7A



Interchangeability of Mating Parts

Data:

(Problem)

.625.i--.62544,625
>

6Y25

Mb :271

Clevis
A. Basic sizes are as indicat;d.
B. Maximum accumulation of tolerance is

.004 which may be X or Y.
C. Required learance allowance between each set

of mating componen s is .005.
D. Loosest fit not to ex ed .01
-E. Dimension 'each component on the yoke an

also on the clevis, in limit fo m so that the f t
requirements are maintaine

F. Dimension so that yoke.can e turned end-for-end
and the parts will assemble ith required
clearance values.

3 TM 8



,,

, MD 273

,. Interchangeability of Mating Parts

a

Am

..

a

(Qalculations)
1. Yoke.(B) MMC . ,625

Clear6nce -.005
. Clevis (B) iV1MC .620

(B) .002 Tol dist.
. (A) ..001 Tol dist.

' (C) .001. Tol dist.
.004 Max Accum

.627, .620 627
3. Yoke (B) MMC = .625 ___26 .,618> 626

: (B) Tol = + .002
. :' Yoke (B) LMC = .627

4. Clevis (B) MMC= .620
(B) Tol = -.002
Clevis (B) LMC = .618

.........

Clevis (A) or (B) LMC 6. Clevis (A) or (B) LMC =.627
= .627 Tol dist. = -.001

(From Yoke [B] LMC) Clevis (A) or (B) MMC=.626

7. Yoke 1,\) or (B) LMC 8.Yoke (A) or (B)tiVIC = .618
= .618 Tol dist. =+.001

Yoke (A) or (B) MMC= .619
9. Check Maximum and -Minimum
Max of Yoke Min of Yoke Max ofClevis Min of Clevis

.619 . .618 .627 626

. 627 .625 .620 .618..
.619 .618 .627 .626

1.865 1.861 1.874 1.870

1.870- 1.865 = .005 (Within Overall Clearance)
1.874- 1.861 = .013 Within LOosest Fit)

,

TM 9



.!

c

..

, 0 *

.,

,

.

Links for.lniermediate Parts
A. Dimension the Intermediate Parts to Retain

, Overall Limits.

B. Use Largest Possible Tolerance.

C. Giye Dimensions in Unlit Form.

Basic Size

A 1.500
B 1.350
C 1.500
p 2.000
E 3.750. ...

,

10.110
10.100

I

; C

'Limits

A.

411, D.

ti

. MD :275

e

H

C--.....-D.---<---E >

k t.

B C.
,

E.

2,15 TM 10



ANSWERS

1.502 ,

1.500

2.002
2.000

1.352
1.350

3.752
3.750 \

216

1.502
1.500

277

Overtay MA



Symbols for Tolerances
of Position and Form

,
Characteristic Symbols

to
cp
c.)
e
T.

cpZ1.

E
8

U-

To co

795 4?.

:13 2
e u.-

Straightness
,-

flatness 1=7
Roundness; Circular0 0
CylindricitV &

7° 11 r,
Z 2! -> 8 2 2
11 1 1
5

Profile of a line -r-\
Profile of a surface

(f)
F.

42
co

0
L L

-2.
co

Angularity
Perpendicularity I
Parallelism /1

c cl)0 c.)

-70 c°,_
C.) cp

Position a
Concentricity
Symmetry

45 .0 0
c 0=I-
cc

Circular
Total

- Supplementary Symbols
MMC Maximum material condition

RFS Regarkess of feature size ®
DIA

,

Diamer
Reference (1.250),REF

Bpc basic ictlir,
Projected Tolerance Zone

I ®

2-1 7

MD 279

MIN.

TM 11



411.

Use of Symbols for Tolerances of Position and Form

.60 Min.

3.875 1_

F.30 Min

(a) _ Basic, Dimension Symbol

30 Min.

Datum refeTence letter

tE1.25 Min.

.30 Min. 0 .005 ©

Geometric Tolerance Modifier-
characteristic

(c) Feature Control Symbolsymbol
(b) Datum-Symb'Ol

Modifier of

c 2-1S

Symbol Tolerance
F

.002

'Datum. Teferer,

Modifierhapplicable to datum_ Tolerance

A .002 A8 00028

'LDatum reference
Reference to two datums

(d) Feature Control _Symbols with Datum References

From ANSI 14.5-1973 Reprinted with permission of ASME

n4 4



Application of Symbols to Position and Form
Tolerance Dimensions 7 92 8 13 6 HOLES

1/4A10.064
3.2

(125 vin)

10.9

10.7

6.6
.30. M39 x 3 5g6g 0.10R

/ oi 18.44
' 18.29

0 0.102

0 3H-
0 45.77

45.62

/1E310.076
-C

3.0R

LAJ
c710.025

F.; 2C)i)

I-1- 43.2
50.80

A 29.21
29.08
_±

..LIA10.038

10.29
10.03

28.83
28.70

M ETR IC1

101.6

0.25

EQUALLY SPACED

63.5
185.721

From ANSI 14.5-1973 Reprinted with permission of ASME

2 :5 1



111111r,

No Specified To erance of Fomi
This on the drawing . .

4111111,

. . . . Means this

.750

.740

MD 285

:8170

(NOTE: Tolerance zone or boundary withini which forms
may vary when no tolerance of form is given.)

From ANSI 14.5-1973 Reprinted with permission of ASME

252
TM 14



4

':,

Straightness
This on the drawing . ... .

"Maim

M[Y- 287

0.605.615

. . . . Means this

ii.003 wide tolerance zone r.630

(NOTE: Each longitudinal element of the
surface must be within the specified toler-
ance size of the perfect form at MMC and
lie between twe parallel lines (.003 apart)
where the two lines and the nominal axis
share a common plane.) 0 63

MO ?

.025

t

0.605(Min)
,

(NOTE: Each circular element of the figure
must be within the specified tolerance of size.
The centerline of the feature must lie within'
a cylindrical tolerance zone of .015 at MMC.
The allowed straightness tolerance increases
equal to the amount the feature departs
from MMC.)

From ANSI 14.5-1973 Reprinted with permission of ASME

2'7 3...,

TM 15



Flatness

This on the drawing . . . .

. . . . Means this

.010 wide tolerance zone .

(NOTE: The surface must be within the specified
tolerance of size and must lie between two parallel
planes .010 apart.)

MD 289

From ANSI 14.51973 Reprinted with permission of ASME

TM 16



Roundness

This on the drawing . . . .

. . ... Means this
..

MD 291

.010 wide tolerance zone

A Cone

Section A-A

(NOTE: Each circular element of the surface in any
plane perpendicular to a common asix must be within
the specified tolerance of size and must lie between
two concentric circles one haying a radius .010
larger than the other.)

N

From ANSI 14.5-1973 Reprinted with permission of ASME

255 TM 17



Cylindricity

This on the drawing . . . .

4() .010

. . Means this

..010 wide tolerance zone

fr
(NQTE: The cylindrical surface must be.within the specified tolerance
of size and must lie between ,two concentric cylinders one haying a
radliA" .010 larger than the other.)

MD 293

From ANSI 14.5-1973 Reprinted with permissioarof AWE

i; TM 18



Profile of

This on the drawing . .

< 1.766

1.125

'45° .188R

.750

.355

.062

Surface

.625R

.020
ALL AROUND

t .500

.188R
.500R

1.500 >--1

2.188

. . . . Means this

45°

2.375

MD 295

-A-

.

.500
125

_>1

1-.015

4M11dLERANCED
DIMENSIONS
ARE BASIC

ALL CORNERS
.005R MAX

Datum plane A

.020 wide
tolerance zone 90°

(NOTE: Surfaces all around must lie within two parallel boundaries .020 apart equally
disposed about the true profile which are perperuiicular to datum plane A. Radii of
part corners must not exceed .005 R.)

From ANSI 14.5-1973 Reprinted withkpermission of ASME

2'LJ

TM 19



1Ik

A

MD - 297

Profile of a Surface Between Points
This on the drawing . . . . .

7 STEPS
EACH .250

-c-
lir--K-1.750±.005->---I

-E---.31?±.002

A

.688
f

-B-

clotc[010
BETWEEN X & Y

844 [ [.781
.906 .895
.938- -.906

.. 2.312±.005

. ... Means this

- Datum plane C

.010 wide tolerance zone

Datum
plane B /

I
.688

t

-A-

.340 .

±.005

_I

.250---).
±.005

-

UNTOLERANCED
DIMENSIONS
ARE smut

y

\
..*--Datum.

plane A
-1`90°

k
---......----;--

(NOTE: The surface between points X and Y must lie between the two profile
boundaries .010 apart, equally disposed about the true profile, which are perpen-
dicular to datum plane A and positione& with respect to datum planes B and C.

From ANSI 14.5-1973 Reprinted with permission of ASME

TM 20



Angulaiity of a Plane Surface
This on the drawing . . . .

.v.)Means this

30°

.015 wide tolerance zone:

Possible attitude,
of, the surfacd

C)atum plane

or

(NOTE: The surface must be within the specified tolerance of size and must- lie betw
two parallel planes .015 apart which are inclined at 300 to the datum plane.)

From ANSI 14.5-1973 Reprinted with permission of ASME

4

MD - 299

,

1'

TM 21



4'

;

Perp- endicularity

This on the drawing . . -p

.002

i Means this
,

i .--1 4 < 0..627

c .1,1 05.602

-

0.625 \grill_ ,Gage-

11.111111P 1

1.520
1.500

-A-I

MD 301

0.627

aturn
plane Ai

a(NOTt- The feature axis, muS't' b'e within" the specifiN \dlerance of fixation. Where the
feature_ is at MMC j.625), 'the maximum perpendiciAlarity thlerancel is .002 diameter.,
Where the _feature departs froin its MMC size, an increase in tke perpgdiculanty
'tolerance is allowed which' is equal to the amount of such departure.)

From ANSI .14:5-1973 Reprinted with permission of ASME

TM 22 -



A

(Continued)
This on the drawing Meant this

Possible -attitude Of. the suiface
,

MD , 303

,74

'At

,

For a [lane Surface

1-LIA

Datum .."
'plane ,A

/
.005- wide tolerance zone:

(NOTE: 1he surface must be Within the Ipifified
tolerance of si2e and must lie:between tWo parallel'
plan'es .005 aPart which are perpendicUlar to the
dattim plane.)

Possible attitude of. the feature
rriedian, .

plane ,.

,

\ .00$ wide
tolerance zone 1111

4

.005

-A-

For a Median Plane

For an Axis

From ANSI 14.5-1973 I4eprinted

- DatuM plane A_-'1,
(NOTE: The feature median plane must be within
the specified tolerance of location and must lie
betWeen tWo parallel planes .005 'apart, regardless
of feature ize, which are perpendicular to,the
datum plan AI, ,

.003 wide
tolerace zone

Datum
1. / axis A

,

Possible aitude
of the feat re axis.

(NOTE: The, feature axis must be within the
specified tolerance of location and must lie
between two planes .003 apart, regardless of
feature size, ,which are perpendicular to the
datum axis.)

with permission of ASME

TM 23



it/N.0051

0

fi

Parallelism

1

This on the driiiving . . ... . Means thii
.005 wide PosSible attitude
tol. zone , of the surface

For a Plane Surface

V //

-A-

For an Axis

MD - 305

L Datum plane A
,

(NOTE:.The surface must be whhin the specified
tolerance of sitze and must lie between two planes
.005 apart which are parallel to *the datum plane.)

9

1:6tum
plane A

.005 wide
tot. zone

Possible
attitude
of the

feature axis
(NOTE: The feature axis must be within the
specified tolerance of location and must rie
between two planes .005 apart wtvich are
parallel to the datum plane, regardless of

4 267 feature size.).n -.
Possible attitude of feature aisfill I A 1.00 2(:)

For an Axis Feature at MMC

From ANSI 14.5-1973
Reprinted with permission of ASME

00 2
diameter
tol. zone

Datum
axis A

(NOTE: The -feature axis must be within the
specified tolerance of location. Where the
feature is at maximum material conditiqn-
(.264), the maximum paralleliim tolerance
is .002 diameter. Where the feature departs
from its MMC size, an increase in the par-
allelism tolerance is allowed which is equal
to the amount of such departlre.)

TM 24



Concentric

This on the drawing . . .

OIA 10 .003

. . . . Means this

ExtreMe'offset
variation

MD $07

Extreme angular
variation

^

:003 diameter
tolerance zone Axis of datum A

(NOTE: The feat,ure axis must be within a cylindrical zorle whose diameter is
equal to the concentricity tolerance and whose axis combides with the datum
axis.)

From ANSI 14.5-1973 Reprinted, with permission of ASME

2 C3 TM 25



Symmetry

This on the drawing . . . .

.306-.316

.615-.625
-B-

. . . . Means this
CENTER PLANE OF DATUM
FEATURE 8 IS PERPENDIC-
ULAR TO DATUM PLANE A

-A-

.005 wide
tolerance zone

MD 309

-Zatum
plane A

agt_

CENTER PLANE,OF SLOT rAup-i- LIE BETWEEN PARALLEL
PLANES .005 APART, REGARDLESS OF FEATURE SIZE, WHICH
ARE EQUALLY DISPOSED ABOUT THE CENTER PLANE OF
DATUM B

Mb,

From ANSI 14.5-1973 Peprinted with permission of 'ASME

TM 26



MD 311

Positional Tolerancing

.500 ± .002. 4 HOLES

2' .028
Rf .007 0

44-

3.000

f1.00d

_31100

.007 DIATOL ZONE
(Interrelationship
of holes and a
possible location
of hole axes)

.028 DIA TOL ZONE
(Hole pattemlecation)

Positional Tolerance Dimensioning
Hole Position May Vary as Shown
but No Point on its Surface Shall

be Inside Cylinder A

True Position

Positiona

Cylinder A

Minimum Diameter of
2.5001 Hole (MMC) Minus the

Positional .T.plerance

olerance Interpretation

TM 27t



LOOT
±.01

2.000
±.005

1.00 2.000
±.005

.500 -± .b02
4 HOLES

1.000
±.005

Tolerance Zones

t .99

.99

2.005 ).
MAX
1.995
MIN

r
1.01 --I-

L -4

1.9 5

M
2.00511/UN

AX

.XXX - .XXX DIA

±.005

2.00

.010 SQUARE
TOL ZONE

f.91-

1.01

.005 SQUARE
TOL ZONES

MAXIMUM -

- TOLERANCE
ALLOWED
.010 x 1.4 = .014

2005
1.995 MAXMIN

MAX

E2
LI_ if

_1.995

.010

.010H TOLERANCE
INDICATED

1.000

21;7



6

Cylindrical
Tolerance Zone
Equal to positional

tolerance

I

r oq

\

Cylindrical Tolerance Zones

Axis of Hole
at True ,

Position Extreme
Positional

-E-Variation

Extreme
Angular
Variation

4#

11

MinimumE-
Diameter . Axis of

Hole ,Hole
,

(a) (b)

i

True
Position

Axis
(c)

Primary
Datum

Axis of Hole

-20



1-4721.---F- 1.68

S.

No Tolerance AccunTurilion

1.72 -.--<- 11.721-a1.-e [1.681

..

4c
8 27()

.

.48-.51 DIA-3 HOLES

$10 .04 t4)

*

.76

.37-.39 DIA-2HOLES

e95 .04 44)

:

From ANSI 14.5-1973,Reprinted with permission,of ASME
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Maximum and Least Material Conditions
+.005

.,500.000
DIA - 2 HOLES

141010 .007 el .500 DIA

(a)

---2.007

2.000

1.993

(c)

.493 DIA
GAGE PINS .493 DIA

7 GAGE PINS

2 HOLES .500
DIA IN EXTREME

POSITIONS .

(d)

2 HOLES .505
DIA IN EXTREME

POSITIONS

(NOTE: When holes are Orge, arr extra tolerance causes 2.007 to increase to 2.012 and
1.993 to 1.988. The extra positional tolerance is acceptable and desirable.
When not specified, MMC applies to- positional toler ances and related

272



yr

a

40: 'Regardless of Feature Size

..

p.

.25,40 Thru ,

25.38- .

6 Holds

MD 321

2

(1) 0.05 t:

ft

'Olt

S.

bit

From ANSI 14.5-1973 Reprinted with permission of ASA/1E
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la

'

-

AP

Angular ToleTnces

MD 323
N. .

.Ir

.500
7 Tolerance
! Zone

20°304, 19°30'
19°30'

26'30 ,

(a) (b)
Bilateral Angular Tolerances

.. a

-B- I

, .----1.5001r,--

1.

*10

4.I.B1.005

u IALOO5

E Kill

h

IV

_Pai
(c)

Basic Angular Tole

-A-

4

.\ l
.005 Wide, Tz
Tolerance I'
Zones

, g

.400 VI
-.s

§

a
cc
,-,,

eqs.

,'

-..
u. )

. 1 4
(7)

(d) z
<

ances , g -
L.,.t r

a)
.

..

!... TM 33
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Surface Quality Symb I,

e

t

\

4law

-Roughness
Height
,

i

, /
y-

" 1 I NVII
Roughness

Width

Waviness
Width

Waviness
Height

4. I

Roughne§s Height
(Arithmetical Average)

0 051-50
2 54

MO 325

Waviness
Height

4-

Lay Direction

1---------1 , _

Roughness Width
Cutoff

Wiviness Width

r

1 6

Roughness Width
Cutoff
Lay-

1.51----- Roughness Width.0

\

a

#

4 t )
N

, tit
I

TM 34
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Lay Symbols

Lay
Sym-
bol

Meaning Example Showing Direction
of Tool Marks

Lay approximately_papal- -

lel to the line represent-.
ing the surface to which
the symbol is applied.

,

. 4.--...
.

ipendicular
Lay approximately per-

to the line
%representing the surface
to which the symbol is
applied.

. .

111111

,

X Lay angular in both direc-
tions to line representing
the surface to which the
symbol is applied.

.4.6'.4.-.V.

111:49.°W.)>:i

Lay multidirectional.
k

.

.
l'441147.... . ,i,

.

Lay approximately circu-
lar relative to the center
of the surface to which
the symbol is applied.

0
.,

l i

IR ,
.

Lay approximately radial
relative to the center of
the surface to which the
symbol is applied:

-,

- ipTI
.4.0,..1... .

..:.:.-, -ii; ,

':;.'..*11' ;:' oci.
R

minamil

3 .

Lay . particulate, non-di-
rectionat orprotuberant.

,
1 ..

.

..: .
. . .. ..

.

INIMIZINI
,

a

TM 35



DIMENSIONING AND TOLERANCING
UNIT V

'"
ASSIGN.MENT SHEET #1 -DIMENSION AN OBJECT COMPLETELY

Directions: With drafting tools and machine, dimension the objects below using proper
dimensionirfMles and techniques.

Problems:

A Full size inch system fractions

B. Half size metric system

olt

11-1/5,4

MD 329
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1.

330

1

)

i

4".

ASSIGN-MENT SHEET #1

C. '1/4" = 1" _inch system -.decimal
,

p

1

*

n

V..,

.. .

1
. -

..,

4

-

t 4. :.
s- I

.1

It 1011



MD 331

DIMENSIONING AND TOLERANCING
UNIT V

onSIGNMENT SHEET #2--CALCULATE AND,DIMENSION CLEARANCE
" FIT TOLERANCES USING STANDARD FIT TABLES

Directions Calculate and dimension the following clearance fit tolerances using standard
fit tables.

Problems.

A. Inch system using ANSI B 4.1 -1967,R 1974

Fit RC 4

Basic Size 1:00

Check fit

B. Metric system using ANSI B 4.2 -1976

,,

7-

a..

Fit H7/g6

Basic Size 40

Check fit

11
A- ,..)

'4

'10-1

ct

Fit Rd -2

Basic Size 2.50

Check fit

Fit D9/h9

Basic Size 2.5

Check fit
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MD 333

DIMENSIONING AND TOLERANClNG
UNIT V

ASSIGNMENT SHEET #8--CALCULATE AND DIMENSION INTERFERENCE
FIT TOLERANCES USH\JG STANDARD FIT TABLES

Directions: Calculate and dimension the following interference fit tolerances using stan-
dard tables.

Problems:

A. Inch system using ANSI B 4.1 -1967, R 1974
I

,

Fit FN 4

-Basic Siz6 3.00

Check fit

Mettric system using ANS1 B 4.2 -1978

1

Fit U7/h6

Basic Size 10

Check fit

-4C

I Fit IA 2

Basic Size .5

Check. fmt

Fit P7/h6

Basic Size 1.2

Check fit



,

W.
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DIMENSIONING AND TOLERANCING
_UNIT V

ASSIGNMENT SHEET #4- CALCULATE AND ASSIGN TOLERANCE TO
* MATING PARTS USING STrADARD FIT TABLES

Directi6ns Calculate and assign tolerances to mating parts using standard fit tables for the
pulley asseMbly below.

Problems

A. Metric system

(slit

(Hole)
-

7 Pulleys
(Hole)

____ (Hole)

'Bushing

Bracket

Specificaions

SHAFT-BRACKET
FIT

12mm Nominal diameter

Fit D9/h9 .

SHAFT-BUSHING
FIT .

12mm Nominal diameter

Fit Fg/h9 ..

BUSHING-PULLEY
FIT

,

20mm Nominal dia'meter

Fit H7/p6

BUSHING-BRACKET
FIT

50mm Nominal length

Fit H11/01

Show calculations below

SHAFt- SHAFT-
BRACKET BLUSHING

BUSHING- BUSHING-
PULLEY BRACKET

a

74-
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B. Jnch system

a

ASSIGNMENT SHEET #4

Specifications

SHAFT-BRACKET
FIT

-
.75 N9minal diameter

Fit RC7

SHAFT-BUSHING
F4T -

.75 %mina! diameter

Fit RC 4, \

BUSHING-PULLEY
FIT : .

1.?5 Nominal diameter

Fit LN,1

BUSHINGf3R7XCKET
FIT

3 Nominal lengthr

Fit RC8

4.

4nc,j,

(Hole)

(Hole)

ihaft)

Show calculations beio.w

SHAFT- SpAFT-
BRACKET BUSHING

BUSHING- BUSHING-
' PULLEY . BRACKET

[4:.
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DIMENSIONING AND TOLERANCING
UNIT V

ASSIGNMENT SHEET #5--CALCULATE AND DIMENSION HOLE
SIZE LIMITS FOR STANDARD DOWELS

Directions: Calculate and dimension hole size limits for standard dowels using basic shaft
system. You should use the appropriate tolerance tables for the following problems.

.7502Dowel limits =
.7500

Problems:

Clearance

A. For a sliding fit with limits of possible clearance from .0003-.0012. .

. 8: FOF r interference fit witt-t limits.of interference from .0006-.0019

,
-

..

4..

Interference -

:
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DIMENSIONING AND TOLERANCING
UNIT V

ASSIGNMENT SHEET #B--DIMENSION AN OBJECT USING POSItION
AND FORM TOLERANCES

,

MD -339 ,

.
.

Directions: Dimension an object using position and form tolerances to completely-describe
i t. "
(NOTE: Instructor or student may select datums as assigned.)

Problem:

..

r

...

Ai

., .

r

4,-

..

1

I

....--"."--"".----.,

_

- - - molVal

=10,.., Im=1 ANIIMMI. 1

t
-- .....r ..... ..

e.

:.

mmilor ....m I
010 MI

-

-a

e
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DIMENSIONING AND TOLERANCING
UNIT V

1' -----M D -- -3-4-1
\\

ASSIGOENT SHEET #7--DETERMINE RAN-GES OF MOTlON OF LIMB
AND SPACES REQUIRED FOR A PERSON '

Directions. ,Vith the anthropometric data included at the erid of this assignment sheet,
solve the following problems by using the examples provided as guidelines.

Example #1: Find the width of the head of an adult in the 50 percentile group'

a. Go to anthropometric data--Btanding adult male

b. Go to 50 percentile drawing Of man on chart

c. Locate head and'read dimension above it %

d. Answer 6.1" *

Example #2. Find the reach radius if 50 percentile male

a. GP to anthropometric data--Adult male, seated at console

b. Go to view of man showing his reach radius

C. The reach radius is shown as:

30.710.
28.5
26.5

d. The firgt number 30.7 is for the 97.5 percentile, the 28.5 is for the 50 percentile,
and the 26.5 is for the 2.5 percentile

e. Answer 28.5"

Problems

A. Fjnd the width of the shoulders o'f a 97.5 percentile adult 'male.

4
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ASSIGNMENT SHEET --#7

B. F,ind the heipt of a 50 percentile adult female.

D. Find the t al viwal limit in degrees frOm up to dbwn.
....

,

D. ,Find the Maximum cylirider hrd grasp for A 97.5 percent e adult mate.1

E. Find the avecage.band bread* of an 11 year-old child.
,

4

, 1

.

Fial the average'thumb length of a 50 percentile woman.

6

It
1 .4,

I

0

%..!,

Q .
r

. , r ^

)
4,4 ..,/ I. I

4
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ASSIGNMENT SHEET zt7

ANTHROPOMETRIC DATA - STANDING ADULT, MALE

ACCOMMODATING 95% OF U S. ADULT MALE POSSLATION

2 5 % he

5

4-2 2` -

50 %hie '

.--- 6 I-

29 -

Ps

76 5 10101

113

0 or 4 6

2 02

6_1_ 1 4

I_J 566

546

52 I

50 3

33 9

'5 II

3 1'
13 2

341+

32 9

6 9

39 3

0

It'
28 3

238

9

r2 4 0

3 6

2
3 0

O'doturn

3 3

2 7

© Ins

werght _127 7 a
span _65 5"
Mambo_ 34 5'

wENOIY CIFICYFLISS

3 II I- 4 Vshoe

weight-161 9 LS
span _ 70 6 -
akimbo...3e 4"

Sm.
4 2 5 25 -1-orctic

shoe
weight 208 9 LS
span _ 76 6"
akimbo_42 4"

A F
heavy
venter
clothing

dynorntc
link
syttem
shown

3 2

MD 343

Reprinted with permission of Whitney l_brary ohDesign
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ASSIGNMENT SHEET t--7

ANTHROPOMETRIC DATA STANDING ADULT FEMALE
ACCOMMODATING 95% OF U S AOULT FEMALE POPULATION

2 5 /.tile 50 /.t i Is

l
63 2"

,

975 /.tlie

,

a

lo

1

0

wiNght-- 1/5 0 LI
span - 51I II'
okimbo _31 9'

© isso HENRY DPETFUSS

I

weight _134 8 LI
spon- 64 7"
okirn90_34 7"

f
40

weight _ 195 0 LB
span_ 70
okirn6o_ 34 0"

%

Reprinted with permission of Whitney Library of Design.i



ASSIGNMENT SHEET --:77

HAND MEASUREMENTS OF MEN ,WOMEN AND CHILDREN

RIGHT HAND
AV MAN

S.

profile of
heavy winter
gloves A A F

HAND POSITIONS - AVERAGE MAN
,,increOse 14% when bent MAX REACH

4

4 5
3d finger Ig

850v
1 03max
875 rrox 1

I.*

154!

3 03
4 2 palm Ig
4 7

RIGHT HAND
AV WOMAN

t hond

3 7
4 I
4 5

2 0-7
.1 finger noils vary

V

3 0 ,
Orsum Ig

lunOte

7."

4 0

6 9

15.2 t

2 9

lunote

mm open r
protected
buttons

93 0

I
2 25

7 5

i 02- S M
I 17 -AVM
1 31 -L m

411
3 LB mox F

1 L.9 n t
- prefer to

2 25 x 4. hole operate
or 3 eso hole push buttons r

min occess for by finger pods
empty hand

.411

904

FINGER GRIP /

angle of moy
force ond
resting tangle

1

f_

54.

95*;c

i4% increase in
hand Ig

MD 345

max hole for
16 LB mox force0--

4 0
8 8% decrease in .1,-

finger exclusion hand Ig
4 5 --4a.3 L.....
5 0 i

1, 2 8
3 0-HAND GRASP z 3 2

fist circurn

, ;?:
; 12 7 - sr

3
4, 1

4 5

2 75 mon sphere
I 5 opt

6
i mon cyl
2

1 _
touch pt.

1 75 mon hondroil do
5 mon rung dao
75 man rung din

HAND DATA
mEN WOMEN_w_____ CHILDREN

2 5%tile 50LIStile 975%tile 2 5%tlIe 50 %tile 975%tale 6 yr i 6 yr ,, Wyr 1 14 yr

7 0

L ---__
4 0

; 3 0.

1 2 4

hond length 6 8 7 5 62 6.2 69 7 5 5 I ! 5 6 6 3
hon d breodth 3 2 3 5 36 '2 6 29 3 1 23 _i_

1

-t--i

25
5 2 ;

2 4 T

2 8

3 5

2 11

22

3 finger 1g 4 0 45 t4 0 4 4 2 9

dorsum Ig 2 6 3 0 . 3 2 2 6 2 9
.Tr

3 1 2 2

thumb length
,m

2.4 , 2 7 3 0 2 2 2 4 2 6 It -{- 20 1

C 1960.14EMRY DREYFUSS

tat

Rep;inted with permission of Whitney Libraty of Design
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ASSIGNyENT SHEET 2:7

ANTHROPOMETRIC DATA ADULT MALE SEATED AT CONSOLE

IT
max head move

.E_ osy move-,
it?
E NN
E

115, c

4.; E
'6-CT

r- o

2

13 max
tor elbow
cleor

tel

90* arm pos

36 3 1 rn
36 0 ov
33 4 s m

339
31 5
290 36 6-26 4 ron e

- slump varies
3 -2 6

>2 normol

osy heod movmnt
50* mos so*but ovoid
riVernffnts

50./.t le

w - ,2.
cc °., a Ta

- 5. u
'-'o t' t, Z
c ' 8
E g C.,_

. ,
e . .8.. -

11,:q

opt eye
rotation

max eye
rototion

color discrimination limit
visual limit - rt eye

---------- -18 max

visual limit
litghts below cause glore

-,-, -- color
y° c 2.5' I imit °Pt

\ '5% viewing
't A

\ \-- mox eye zone 1 4

rotation b '

N ' \

1- opt eye .N
rY-ci.

rototian 1

--/- k

255
233
21 0

23 4
20.3

c 19 2
cv- ow%

5-151

O.
9
9 0 4.158 0

E ,

std -Sight line

24" opt console width
28 max eft console width

o

0- 20*

54" mox -emergency controls

52 min to ovoid seeing top

std_sight line

45 max see over ht

reach rodius
30 7" F .
28 5 i5.
26 5

CONTROL LOCATIONS

29m09
0 -IV 28 opt

26"min

0:dotgrn

1

7 mm

t
o-s

i7
compressed
Seat ht
to fit so%
rais a lowr
i" to fit 15%4

5 5
4 754
40

i5 max
20 2
i13 9 --h-
i? 6 1

111 5
170
15 5

25 8
23
21 6

27 6- le S range j
24 min

I-- 28 75 knee clear N Y C bus

A set-up a emergency
8 displays a set-up
C dis ploy 8 ossoc controls.
O controls a misc equip

touch typing s' writing
E st-up a ooliust controls

Stort a light sw, ( recess)

REACH INCREASE

shoulder extended
sholatr extended a
trunk rolotd
shoulder xtnded,
trunk rototed
trunk bent

arm pos
0* 43 90"
4T

3 2

6 4 2

REA1CH DECREASE

push buttons o'
taggles
!moll rotory selectors <2"C
large rotory selctors 4 5
hond grosp 5

0" datum

6.11-1 % left handed, 3 -6 % color blind, 5% hord of hearing, 29 3% war glosses

SiC 1151 HENRY DREYFUSS

Reprinted with permission of Whitney Library of Design
Nir
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DIMENSIONING AND TOLERANCING
UNIT V

ANSWERS TO ASSIGNMENT SHEETS

Assignment Sheet #1--Evaluated to the satisfaction of the instructor

Assignr.rient Sheet #2

A. .9992 2.4996
.9984 2.4991

rt.

1.0008 2.5007
1.0000 2.5000

B. 39.991 ( 2.500
' 39.975 2.475

MD - 347

4

a .

Assignment Sheet #3 .

:A. 3.0047 - .5011
T.615-154 .5007 -

'

f 3.0012 .5007

1111

a . 3.0000 :5000,

B. 1 10.000 . 1.200 .-.- .--....-

..
,_

...
. e

...
,,,.... . .

. 9.991 I:TO .

. .,.., ... . .,
..

. 9.978 1.194 ,
*.

.

9.63 1.184

Assignment Sheet #4

A. Metric sysvm

12.044 r
.**F 12016(Hie

' ,i .
Puileys

20 021 `0101e)

OM

1229,1(ibiej
Q Or

.12110
11 957

Bushing -

it

L Bracket

(.

4 .

"b

111114114
.b.s

/

.

IL

Orb
111D

4
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..

Inch system
.7512

(Hole) 'r 7500.

12506 (1.1ole)

12500

7520 (Hole) ..
7500

-7675 "(stew

- AVgnment Sheet #
. 5. .40;

A. Cleararice 112

- . 27 05;

B. iiiterference. .7494
17483

..

-
: ...44 .

.**
4 .. q.

.'. '
4 , '-.Assignmen,t Sheet' e6iEvaluate to the satisfaction -of .th instructor 1

. ..-T-'`' ... _
_.

: a 'al" ' a ^. . ".
4 Assignment ghee't #7 --. ,

. 19.43",-, ....
, B" 89.1"

4411

4

4

4

C. 120f

E. 2.8"
, F. 2.4;

1.1

14

. 4

4.4

-

I ,

4114

t
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DIMENSIONIN AND TOLERANpING 4
UNIT V

NAME

TEST'

1. Match the terms on the right with the correct definitions_

-a. The condqion that refers to a pari made
to limit dimensions so that it wilk.fit- any part
similarly manufactured; the ability of mating
parts to fit properly together

.

b. Shapes such as prisms, cYlinders, pyrathicts*4.cones, and,spheres
ft

c. Any 'type bf'diftiensior that..tells. how large. ,

'or small an object is -
'*

. a. A022 type of-digiensiOn that locates a feature
on bn object "

,

"-

.
-

:e. -The- -total "-arhilunt o?' variation .sermitted
in iirnitclimerisioriing-of Part; the dillerende

,betreep thjklimit dimentiers' . "
,I. r. A . * It,.

n C. . f....the size of a.par'r determined "b1.,,engineerChg
, -and -li,esign ' reeldirerhents from. gict the ,.

limits ot sizo:are determined; the liner .. - , -

ension's ,of a

:

114.
v al

-part*Siitting WoM the application of a. 0
tolerance; the :maximum* ahrThinimum size
indicAted by a tolerahce

4:1. Used when maximum material is present in
a feature

4

Used when the least Material is present
in a feature

j. Difference between the maxiMum 'limit and
the-basic size

k. Difference between the minimum limit and
the basic size

I. Group of tolerances numbered 01 16

m. The deviation nearer .the basic size for the
hole and near the basic size for the shift

1, Limits

2.. Interference fit

3. Waviness .

4:- Lower deviation *

5. Easic shaft lystep
-

a
. ,

tOlerance,,

4-

p.

7. bay%

? .

,

hiterohangeaWity

" 9. Ttransitign`fit-
,

110/ klaximum materal.
condition '.

-Basic size

1.2. Fundamental
deviation

13, Size dimension

'14. Upper deviation



1-50' .

fit
4

11 3

de,

n. The association of a fundamental -deviation
with an iriternational toleiance grade -

-
0. Thp,basic size-of the hble is-the design size

17.and the allowance ia apphed: to the shaft

15. Clearandie fit

16. Basic hole system

P. Pie basic .size pf the. shaft 'it the tlesigp
sye Rd.the allowanEe "is applied toe the.
hole

.

.fioeghness
,

-

18. Allowance

Ahthrobglrnetcic..
data"

I

111L 20. Tolerance , 4q.' Lim,rts of size, are detefrniped so 4hat a loose.
fit or positive Flowance ()cum. bettiveeri

,.
ynattng,parts r- , ...

..? . , . . S.. . .
Liroits.of-sizear,e cleteitritned so4hat p nega

4__..l
,-.-

. --, .
ive allowandit 'or tight 'fit occors betWeen.

mating Oasts. : . ,* , : ... --
g4 4.

, , . ...

.21., SurfaCeqiiplity ,-.
.1 .. . ., -,

7 22., Location:Fliorsher*iogr,47

. . .

I

N

.

s. limjts of size are detervin,ed.-;; ...if;t the 24.
altowwce -may_ be iictlxer fit. =

...-

.- or an tnterfererV-tit ..
4 ,,,....,

, .
fat

0 -t. ThvXminimdm . international difference in
.. _

4 the OimensiolIs of mating_ parts to proVide.
for,.clifferent -classes of 'fits; the minimum

clearante or-, haxirrium interference when
4 ...parts Are at rnaximtim material condition.

u. Poi-nts, lines, or - other geometric shapes
assumed to be exact frbm which the location
or geometric form of features of a part may
be established

v. Exact theotetical position of a feattire estab-
lished by basic dimensions

w. Maximum allowable variations of a perfect
geometric shape

x. Roughness, wavineis, ehd lay .of a surface
which may include certain flaws.

y. Direciion ,of the major surface pattern deter-
mined by manufacturing method used

z. Fine irregularities in surface texture

aa. Widely spaced element of a surface texture

bb.Measurements of ttie human body and its
parts

.,,, Dep. r.rs "
411,

[...east material -

condition

Jeternational
tolerance grade

r"--vie

.
10,

26'. Farb tolerances

27. Geometric shapes

28: Tolerance zone

P.

All



-a

r.-

.- '' r r

ht----7; ebf.----2: bistingoisb between size4nd location dimensioos forti-ie folloWing geometert snape by,

/
V

. MD 351 ,

pldcirig an X next to the size dimensions.
4

a. :Dimension
. 4 Holes

b. Dinitnlion,"B"

c,,Diintksion

,fltmension "D",
"E"

f. DimensiOn

'
Dimension "G"

h. Dirnenston "H"

i. Dimension

Dimension "J"

Dimension "K"k.

I. Dimension "L"

,
m. Dimension "M"

n. Dimension "N"

I I

T[ 1

o. Dimension "0"
«

3. Select mating dimensions
\---.the appropriate blanks.

in the following assembly drawing by placing an "X" in

a. Dimension "A"

b. Dimension "B"

o. Dimension "C"
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352 .
..

--Alk ."
. . . 1-1- 4-, ..ett .6T-41:1'4.:;, 41.':ilt" -b c

- .. i ,-;
::,...- fi-- !: 4 t....,- - -..*:--., AP S.

. .is a

. , .d Dimension 'V'_ -

45 - I _.
,

.... . ?..,,
"E"

f. Dimension "F"

%

4. Select true statements concerning numerical control dimensioning by- placing an
"X" in the appropriate blanks.

a-

_. .

4. 41-

.44

a. Datuni or reference planes must be selected that are mutually perpendicular
in the X, Y, and Z axes

b. Dimensions originate from two planes

c. Dimensions must be in fractions

d. Standard tools such as reamers, drills, and tapers should be specified wher-
ever possible

5. Distinguish between fits for inch units and fits for metric units by placing an "X" next
to the fits for inch units and an "0" next to the fits for ,metric units.

a. RC 2

b. H9/d9

c. H7/h6

d. FN 3

e. LT 1

f. N7/h6

g. P7/h6

h. U7/,h6

I. LC 1

t*

1-'.
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6. Calculate the limits for clearance fit in inch units using basic hole iyst,em for, basic hole
size of 2.25" and Rt 4 fit. Place answers on drawing.

RC 3 ,
.

RC 4
NoMINAL LIMITS STANDARD LIMITS LIMITS STANDARD LIMITS
SIZE RANGE,. QF HQLE SHAFT OF HOLE SHAFT
INCHES. CLEARANCE . CLEARANCE

,

. 1.0 + 1.0 1.0 1.0 + i.6 1.0
1.19 -.1.97 -2.6 0 1.6 3.6 0 2.0 '..

1.2 + 1.2 , 1.2 1.2 + 1.8 1.2
1.97 3.15 ' 3.1 0 1.9 4.2 0 - 2.4

Calculate the Iimits fOr clearance fit in inch units using basic shaft system for basic
-shaft 'size of 1.75 and .RC 3-flt. PlAce answers on awing..
(NOTE: Lisa table in question 6.)

,



8. Calculate the limits for an interference fit in' metrc kwits using basic hole system for
basic hole size of 60 mm and H7/u6 fit. Place answers on drawing.

BASIC
SIZE

HOLE
H7

,

SliAFT
u6

-
F IT

60.030 60.106 -0.057
60 60.000

.
60.087 -0.106

80.030 ' 80.121
,

-0072
80 80.000 80.102 -0.121

.-

9. Determine the tolerance ranges for the following shop processes using the accompany-
ing table.

Range of Sizr.s

.f. r tr, lc/ c' It-t, i
Tolerances.

(Ve, 599 J70015 t 002 . 0003 01705 408 00 r2 001 '003 005
hOC

-
949 00015 00025 0004 0006 01 0015 0025 004 005

1 000 1 4917 7.002 ., 0003 0005 0008 0017 , :1107 003 005 008
1 500 ' '911 7075 .7004 000t 001 0015 0025 904 01*, 010
,' 300 4 199 4(103 000n 0008 3012 0.02 003 005 08., 012

4 500 ' ' 799 0003 JON 110 I 0015 00/5 004 , )06 310 0 ,1,,
7 800 _I i 599 4005 3008 0012 002 003 . 05 , , +05 012 , ,,,0

13 500 2, , 390 0005 301 0015 0025 004 005 010' 015 025

,11,

Turrtir fo,a't .

Po try, ,

ittrt, PI, 0,

,

M"',

I.

a. Milling of a 1.5 to 2.799 part

vtflf". fa.

.

b. Reaming of a .6 to .999 part

c. 'Dpillihg of a 4.5 AO 7.799 part

d. Honirib ora .000 to .599 Part I ,

9(jei
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-,10. Distinguish bektween clearance fit* and interference fit Of h,ole size limits for standard
dowels by placing an "X" next to the characteristic of clearance fit.

a. Largest number is tightest fit and is negative; smallest number isloosest fit
and iftegative

Li. Smallest number is tightest fit; largest number is loosest fit

11. Select true statements concerning limit dimensions for interchangeability ofparts by
placing an "X" in the appropriate blanks.

a. Parts 'should' be tolerinced to fit end-for-end to make assembly easier if
'function is not affected

,

b. Sellit the center dimension to be basic size
,

- c. MaximurneccumOlation should be added to center I

d." When eaCh part is.thleranced, it is not necessaryto check the accumulation
of iolerarice I

1.
12. Arrange in order. 0*, steps for determining limit dimensions f4r intermediate parts to

retain overall limits.by placing the correct sequence numbers in the appropriate blanks.

a. Divide total ,.tolerance accurni4lation by .number of toleranCed parts to
get thlerance per part

b. Subtract-Upper and loWer limits of overall dimension to get total tolerance
accumulation

c. Add tolerance per part to each basic size to get upper mit of eacl, part

d. Find limit dimensions

e. Check by adding upper' limits-thither to get Upper limit of chierall dimen-;
-

sion

4
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13. Complete the following Chart of characteristic symbols for tolerances of position
and form.

,

Characteristic Symbols

,.
CD

2
, co

6-

Ii

8
u.

= 2.)-0 0
-5 tr,

-0 CD

C U.

.
.Straightness ....__

Flatness

0
Cylindricity ..

-i -

J :,!
Profile of a line . fm
Profile of a surface a,

.
'2
=
To
v'
..

Ar\gularity
Perpendicularity

he .--v-
c 0

.... 0

.

Position . -0-
..

Concentricity
. 0

Symmetry . .

---4--
=0 m
c 0=I-

cc

Circular

Total / \

14. Match the terms on the right wi'th the correct supplementary-symbols for tolerances
of position and form.

a. ®

b. 0
C.

d.

3

1. Basic

2. Diametet

3. Maximum material
condition

4. Projected tolerance
zone

5. Regardless of
feature size

6. Reference

0

A



15. .Matcli position and form symbok in the drawing with' the correct descriptions below.
p

3.875

1.

.r 7 .005

3. 4.

L

. .
a. Geometric characteristic symbol

b. Modifier of datum

c. Datum reference

d. Basic diMension symbol

e. Tolerance

f. Modifier of tolerance

1E1) A ®
t

3. 2. 6.* 4. 5.

J

ft
2:

16. Match the descriptions of position and form, on the right With -the correct meaning of
drawings.

Extreme angular
vanatron

1. Flatness

2. Angufarity..

a.
3. Concentricity-

b..

C.

- Axes of datum A

30.

010 wide tolerance zorie

essnmr wom

fro.ois
Ow vtiee,,,

1--r"." Nem

f

4. Profile of a
surface

5. Perpendiculariiy

357
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d.

e.

.

Datum pipie A

020 vode
towance tor* 90°

1Possible attitude of the surface

Datum
Plane A

005 wtde tolerance zone

17. Seiect true statemints doncerning positional tolerancing by placing an "X" in the
appropriate blanks.

a. Conventional limit lockional dimensions have a square tolerance zone

b. Positional tolerancing allows a circular tolergnce zone

c. Positional tolerancing allows more tolerance than conventional limit dimen-
sions

d. ?xtreme angLilar variation in drilling a hole under positionhl tolerancing
.

is not possible

e. No tolerance accumulation is found in positional tolerancing

18. Distinguish between maximum material condition' and regardless of feature size by
placing an "X" next to the characteristic of maximdm material, conditiOn.

a. More restrictiv

b. Less restric ve

19. Select true statements concerning angula'r tolerances by placing an "X" in the appro-
priate blanks.

a. Bilateral angular tolerantes cause a smaller tolerance lone as yov Afrove
from the vertex

b. Basic angular tolerances using angular feature controls cause a parallel
tolerance zone

20. State the purpose of surface quality specifications.

3
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,

:

21. Identify parts of a surface quality symbol.r

-

/ -

a.'41L 1 6
2.54

i 0 51/ ,

).

-, b.

d.

f.

MD - 359

i

. .
0.051-50

.

,

: 22. Select' true statements concerning surface qual0 notes by placing an "X" in the .

appropriate blanks.

a. Nalues are in decirneters

. b. Lower number of valLres indicate rougher sur'face
1

ow '
c. Symbol is always made in the standard upright posqion

d. The smoothest sUrface that will satigy function and form is the ideal finish
..

23. Match lay sYmbolt on the right with the correct designation.

..
a. Angular to surface 1. = ,

,.

Afe_b. Radial 2. .1

c. Particulate, nondirectional, or protuberant 3. X

-
d. Parallel to surface

.
-

e. Multidirectional

4. M

C

f. Perpendicular to surface 6. R

g: Circular
7.. P3

,

'14
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24. Differentiate between correct and incorrect placgment of surface quality symbols
by pldcing an "X" in the blanks which correspond to symbols placed correctly.

a.

b.

c,

d.

e.

f.

25. Select true statements concerning surface roughnessproduced by common production
methods by placing a4 "X" in the appropriate blanks by using the accompanying table.

a. Drilling process average
6.3 thru 1.6 naicro-,
meters

'b. Reaming process less
frequent range 6.3
thru .40 micromefers

c. Grinding process
average 1.6 thru

. .025 micrometers

d. Forging process
average 12.5 thru
3.2 micrometers

e. Die casting process
average .50 thru
.20 micrometers

ROUGHNESS HEIGHT RATING,

50 12 5 '3 2
(2000) 1500) (125)

MICROMETERS (MICROINCHES) AA

0 110 0 20 0 05 0012
(32) (8) (2) (0 5)

PROCESS 25 63 16 040 010 0 025
110001 (250) I (63) (16) (1)

flame cutting
Snagging
eawing
Planing, Shaping

WI1111=i
0106
Ummamiiiiimm
WV

OW

...MO
MOimmum woo.%

Drilling
Chemical milling
Elect discharge ma
Milling

IMIINHIMMI
ohne
VIM
MNIIIIMMIMIIMI

otave
MN

IL%
Imes Pm

. N.

Broaching
Reaming
Boring, Turning
Barrel finishing

Eilleeolytic grinding
Roller burnishing
Grinding
Honing .

lot

MIN
NOP
MIN
MINIMMONIBM=

'

11,10b.

rILIIIN

SIZ=iii 11

UM=
I

s.

INIMB111
11: 1101
gingic 1.11111,1

lam
NIMININIIIMIIIMMIUMMINION

11011 111

Polithing
Lapping
Suporfinishing

IM1011....,IM11111M1!111=111NI.

211
mmomalwammilmi
11:40 IIIIM

l
Sand casting
Hot rolling
Forging
Perm mold casting

si
OW

IMININE
VWMc

We

i

anicaNnO

6vestment casting
ExtruclIng
Cold rolling,Drawin.
Die taking

ramonfausix
MINN16,IMIlimiMs

1:101

la.

i

!

1

101111101

OM

REV MB rophrsiion =lees frequent epennotten
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26. Select preferred reecommended roughness, waviness, and roughness width,cutoff values'
from table by placing an "X" in the appropriate blanks,

Recommended Roughness
Average Rating Values

MicrOmeters (Microinches)

Recommended Waviness
Height Values,

Millimeters (Inches)
pm pm pm pin mm in mm in

0 025
0.050
0 075
Q100

' 0 125'

0.20
0 25
0 32
0.40
0.50
0 63
0.80
1 00

(1)
(2)
(3)
(4)
(5)
(t)
(8)

(10)
(13)
(16)
(20)
(25)
(32)
(40)

1 25
1 6
2 0
2 5
3 2
4 0
5 0
6 3
8-0

10 0
12.5

- 15 0
20,0
25 0

(50)
(63)
(80)

(100)
(225)
(T60)
(200)
(250)
(320)
(400)
(500)
(600)
(800)

11000)

0.0005
0 008
0.0012
0.0020
0.0025
0.005
0 008
0.012
0 020

(.00002) 0.025
1 00003) 0.05
(.00005) 0 08
( 0008) 0 12
(.00010) 0 20
(.0002) 0.25.
( 0003) 0.38
(.0005) 0.50
( 0008) 0 80

Recommended
Standard Roughness
Width CUtoff VaJues
Millimeters (Inches)

( 0010)
002)

( 003)
( 005)
(.008) .
(.010)
( 015)
( 020)
(.030)

mm 4fl, mm in

a. .075 pm Roughness
0.08 (0.03)' 2.50 ( 100)
0.25 (.013) 8.0 f 300)

b. .20 mm Waviness height 0.80 (.030) 25.0 (1 000)

c. .80 mm Roughnes width cutoff ,

27. D.e'rnonstrate the ability to:

a. Dimension in object completely.

b. Calculate and dimension clearance fit tolerances using standard fit tables.

c. Caldulate and dimension interference fit tolerances using standard tfit tables.

d. Calculate and assign tolerances to n2gting parts using standard fit tables.

e. Calculate'and dimension hole size limits for standard dowels.

f. Dimension an object using position and form tolerances.

g. Determine ranges of motion of.limbs and spaces required for a person.

(NOTE: If these activities have not been accomplished prior to the test, ask Our
instructor when they should be completed.)

ii
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DIMENSIONING AND TOLERANCING
UNIT:V

a. --8
.

h. `IQ
b. 27 i 24

- c. 13 . j .1 44
d. 22 k..-` 4
e. 20 I. 25
i.. 11 m. 12
g.. 1 p. 28

2.. a, 6, c, f, g, h, k, o

3. a, b, e, d, e

4. a, d

ANSWERS1/0 TEST

0. 1s
p....f 5.., .

v..
w.

0
26

q. 15 -x. 21
, r; 2- )1. 4

s. 9 z. 17
,

t. 18 aa. 3
u. 23 bb. 19

5. 'a. X- f. 0
b.. , g. b
c. 0 h: 0
U. X I. X
e. 'X

t
412.2488 2.2500

2.2476

6.

2418
`1

lc I

1.7488 1.7500
1.7481 1.7512

7.

{ I

fr

_4160.106 60.030
60..087 60.000

9. a. .0025 .010
b. .0094
c. .006 .0
d. .094L5

3

.
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10. b

11. a, b

12. -a. 3
b. 2
C. 4
d. 1

e. 5

13.

Characteristic Syml?bls

.
(i)
co

°I

I-E

8
u.

t .
,3 E

t .

.
Straighthess --.-

Flatness 0
Roundness; Circularity 0
Cylindricity- ..

li Profile ,of a lineill Profile of. a 'surface

t
?,. ..
u-
.,..,

.V3

crT°

Angularity
Perpendicularity 1
Parallelism_... ...

= E0
..7. =
c., t
-9 172

.-Positiop .

Concentricity 0
Symmetry

=0 s
C 0
cc_

1.-

'Circular

Total /

14. a. 5
3

C. 1

d. 6
. e. 2 .

f. .4

t5. a. 3
b. 6
C. 2
d. 1

e. 4
f. 5

e'

5

vcc



16. a. 3

1

c. 2

d. 4

. e. 5

17. a, b, c, e

18. b

19. b

.ore

20. Used where heavy loads and high speeds with less friction are needed

21. a. Roughness height
. Waviness height

c. Waviness width
d. Roughness width cutoff
e. Roughneis width
f. Lay

22. c

23. a. 3 e. 4
b. 6 f. 2
c. 7 9. 5
d. 1

24. a, b, d, e

25. a, b, d

26. c

27. Evaluated to the satisfaction of thelinstructor

L.F

MD 365
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FASTENERS AND HARDWARE
UNIT VI

UNI"T OBJECTIVE

After ci pletion of this unit, the student should be able to identify fasteners and symbols
and con truct symbols and hardware drawings. This knowledge will be evidenced by cor-

. rectly erforming the procedures outlined in the assignment sheets and by scoring 85
percen r on the unit test.

SPECIFIC OBJECTIVES

After completion of this unit, the student should be able to:

1. Match terms --related to fasteners and hardware with the correct definitions.
4

2. Name two general types of fasteners.

3. Name ihree basic applications of screw threads.

4. Identify screw thread nothenclature.

5. )dentify screw thread profiles.

6. Compute lead.of thread.

7. Identify serew thread symbols.

8. Match classes of fit for unified threads with the correci Uses.

9. Litt two classes of kt for metric threads.

10. IdentiN parts of thread notes.

11. Distinguish between conventiorlal representations of pipe threads.

12. List types of threaded removable fasteners.

13. Name tWo shapes of bolts and nuts.

14. Select types of locknuts and I9cking devices.

15. Name tYpes of standard cap screws.

16. Complete a list of types of machine screws.

17. Identify set screw heads and points.

18. Identify miscellaneous bolts and screws.,

MD 367
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19. Identify standard large and Small rivets.

20. Match conventional rivet symbols with the correct identifications.

21. Li St advantages of plastic fasteners over ,metal fasteners,.

22. Select devices to lock components on a shaft.

23. List types of springs.

24. Identify types of springs according to notes and dimensions.

25. Name types of spring clips.

26. Select types Of keys to prevent relative motion between wheel and shaft.

- 27. Identify types of machine pins.

28. Select true statements concerning washers.

29. List two applications of inserts.

30. Distinguish between types of lock washers.

31. Name uses for spring washer designs.

32. Identify quick opening and locking devices.

33. Match miscellaneous machine elements with the correct uses.

34. Name advantages of welding over threaded fasteners.

35. Identify types of welded joints.-

36. Label parts of a welding symbol.

37. Identify basic arc and gas weld symbols.

38. Identify supplementary welding symbols.

39. Determine welding dimensions for a fillet weld.

40. Identify resistance welding symbols.

41. Name classifications of methods of using adhesives for bonding materials.

42. List two joint design considerations for adhesive bonding.'

43. Select joint designs for adhesive bonding.

44. Demonstrate the ability to:

a. Construct thread syrnbols.

b. Construct bolti;Screws, and nuts.

3 I IA 4.
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c. Construct an assembly containing variou's fasteners.

d. Construct a welded assembly drawing.

e: Construct spring drawings to include specifications.

f. Construct keys in assembledpositions.

9, Write sPedifications for hardware from vender: catalogs.

1,

,

0116

0

r

. .

l 4,

tb

rl I 9t... A
I

s .
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FASTENE RS' AND HARDWARE
UNIT VI

SUGGESTED ACTIVITIES

MD 371

l; Provide student with objective sheet.

il. Provide student With information and assignment sheets.

Make transparencies.

IV, Discuss unit and specific objectives.

V. Distuss information and assignmem,hgets.

VI.
,

Have students tour a hardware store searching out various fasteners. A display of
various fasteners in the classroom would improve learning of this unit.

VII. Have students tour a welding lab to see how paris are welded toTther.

Assemble a display of v'a-rious hardware items obtainable from a, hard re otore
and,discuss their possible uses.

IX. Have various springs for the students to see.

-.X. Give test.

INSTRUCTIONAL MATERIALS

Included in this unit:

A. "Objective, sheet

B. Information sheet

C. Transparency Masters

1. TM 1--Screw Thread Nomenclature

2. TM 2--Screw thread Profiles

3. TM 3--Screw Thread Symbols

4. TM 4--Conibined Screw Thread Symbols

5. TM 5--American National Thread Note for Holes-

6. TM çmerican National Thread,Notes for Threaded Shaft

7. TM 7--American Standard Unified Thread Notes .

8. TM 8--Metric Thread Notes

3 3
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,9. TM.9--Pipe Threads

10. TM 10Removabte Fasteners

11. TM 11-- Locknuts and Locking Devices

12. TM 12Standard Cap Screws

13. TM 13Machine Screws

. 14. TM 14--Set Screv4

15. TM 15Miscellanedus Bolts and Screws

ie. TM 16--Miscellaneous Bolts and Screws (Continued)

17. TM 17--Standard Large RiVets
4

18. TM 18--Small Riveti

19. TM 19--Rivet SYmbols

4.4 20. TM 20Design with Rivets

21. TM- 21Shaft 1.)3cking Hardware
4

22. TM 22Springs

23. TM 23--Schematic Spring Drawing Representative

24. TM 24-Clips

25. TM 26Keys

26. TM 26Pins

27. TM 27--Washers

28.. TM 28,-Tooth Lodi( Waihers

29. TM 29Quick Locking Devices

30. TM 30Attaching Resistance Weld Fasteners

31. TM 31Welding Advantages

, 32. TM 32--Types of Welded Joints

35. TM 33Parts of a Welding Symbol

34. TM 34Basic Arc and das Welding Symbol

35, TM 45.Supplenientary Symbols

36. .TM 36Dimensioning of Welds

, 31 4 0.0
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37. TM 37-Resistance Welding Symbols

38. TM 38--Stresses on Bonded Joints

39. .TM 39--Joint Design for Adhesive 'Bonding

D. ASsignment sheets

1. Assignment Sheet #1-Construct Thread Symbols

4
, MD - 373 ,

1. 2. Assignment Sheet #2-Construct Bolts, Screws, and Nuts

3. Asfrgnment Sheet #3-Construct an Assettbly Containing Various
Fasteners

4. Assignment Sheet #4--Construct a Welded Assembly Drawing

5. Assignment Sheet #5-Construc iriTibrawings to include Specifica-
tions \

6. Assignment Sheet #6--Consttut Keys in Assembled Positions

7. Assignment Sheet-#7-Write Specificatiols for Hardware from Vender
Catalogs

E. Test

F. Anters to test
4 ,

References:

A. Jensen, Cecil, and Jay Helsel. Engineerthg Drawing and Design. St. Louis
MO 63100: Gregg Division/McGraw-Mil Book Co., 1979.

B. Parmley, Robert 0. Standard Handbook of Fastening and Joining. New
York: McGraw-Hill Book Co., 1977.

C. Giesecke, Frederick E., et al. Technical Drawing. 7th ed. New York 10022:
Macmillan Publishing Co.; Inc.., 1980.

D. Levens, Alexander, and William Chalk. Graphics in Engineering Design.
3rd ed. New York: John Wiley and Sons, 1980.

American Natipnal Standards Institute, 1430 Broadway, New Yor:k, NY
10018.

F. 1980 Fastening ind Joining Referenci Issue, Machine Design. Vol. 52, #26.,
Penton/IPC Inc., November 13, 1980.

G._ Beakiey, _George, C.-and Ernest G. Chilton. Design Serving the Nee& of
Man. New York: Macmillan Publishing Co., 1974.

H. Fasteners Standards, 5th edition. Cleveland, OH 44144: Industrial Fasteners
'Institute, 1970.
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FASTENERS AND HARDWARE

ir UNIT VIa

INFORMATION SHEE

I. Terms and definitions

MD.- 375

A. Fastener--Mec anical device for holding two or more- parts in a set position

B. Finished fastener-- astener made to close tolerance having a high grade finish

C. High strength fastener--Fastener having high tensile and shear strength

D. Semi-finished fastenE -Fastener made with greater tolerances than a finished
fastener and having o.ily the bearing surface and threads finished

E. Unfinished fastener--Far stener with° wide tolerances and all surfaces in their
formed conditions

F. Slotted head--Head having a slot centered across the top

G. Recessed head--Head having a spectally forrned indentation centered in
its top

41-
Cross (Phillip's) Socket Clutch

H. Screw thread form--Profile of the thread

I. Detailed threads--Close approximation to actual appearance

J. Schematic threac4--Mcue detailed than simplified but faster to draw*than
detailed threadi

K. Simplified threads--Least amount of drawing information necessary to
convey information without confusion

L. aEKternattfiread_Jhrefid on, the_ outside:9i a shaft

M. Internal thread--Thread on the inside of a hale

N. Lead--Distance a screw travels in one rotation

a
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INFORMATION SHEET

.0. Series of threadNumber of threads per inch based on standard nominal
diameters

P. Single threadThread having one start, and7Se lead is equal to the pitch

Q. Multiple threads--Thread having multiple starts, and the lead is equal to a
multiple of the pitch

Example: Double thread has a lead of twice the pitch

R. Right-hand thread--Advances when turned clockwise
-

S. Left-hand threadAdvances when turned counterclockwise

T. Welding--Joining parts by melting base metal to form a unit structure to
. support loads

U. AdhesiveChemical bonding between parts
J

V. HardwareSmall parts such as fasteners, springs, and washers

W. Springs--Used.for storage of mechanical energy

X. KeysUsed to attach wheels, pulleys, and gears to shafts

Y. Washers--Designed to iniulate, lubricate, span large holes, and distribute
stress over a larger area

Z. Nuts--Designed for fastening, adjuiting, and fransmitting motion or power

AA. PinsDesigned for semi-Permanent attachment or location

BB. O-R ings--Used to seal along a shaft

CC. Retaining ring--Has a removable shoulder to atcurately retain, locate,
or lock components in bases and housings or on shafts

(NOTE: This is also called a snap ring.)

II. General types* fasteners

A. Removable

P.

Example __Bolts. keys. screws

Permanent

Example: Rivets, welds, adhesives.



) INFORMATION SHEET

Basic applications of screw threads

A. Holding parts together

B. Adjustqlenx

C. Power transmission

IV. Screw thread nomenclature (Transparency 1)

A. Crest
440

B. Root

P- Side

D. Major diameter

E. Pitch diameter

F. Minor diameter

G. Depth

410
H. - Axis

I. thread angle

J. Pitch

V. Screw thread profiles (Transparency 2)

A. Sharp V--Adjustments

B. American National--General purpose

Mb 377
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INFORMATION SHEET

*

C. Unified

D. Metric

E. Square

..

II

x
Rounded Root/' / / /

'12P rilin -1-

vA 1. l*
/ /

Flat or
Rounded Crest

I

// /

II

F. Acrne-General purpose.
I. .37P

G. Acme,Stub

5P
.15P

H. Whitworth Standard

/ I. Knuckle

31:J
r

1

.1,

,

r.,
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41

j. Buttress

INFORMATION SHEET

VI. Comp Uting lead of thread

A. Single thread lead = Pitch

B. DoUble thread lead£= (2)(Pitch)

C. Triple thread lead = (3)(Ritch)

D. Multi-threads lead = (Numtier of threads)(Pitch)

1(NOTE: Pitch
Number of threads per inch

Example: 12 threads per inch

1
Pitch =.

1Lead = for single thread12 -

2
Lead = 1-2- or

1
for double thread

'VII. Screw thread symbols (Transparencies 3 and 4) -

A. Simplified

B. Schematic

C. Detailed

D. Combined

,VI II. Classes of fit for...unified threads and uses

I.

MD 379

A. Classes 1A and 1B--For parts that are easy to assemble; ordinance and
other speciaPuses; quick assembly

B. Classes 2A and 2B-,:for general purposes and most cpqmmon uses

C. Classes 3A and 3B--For close tolerance screw thread

INOTE: "A" refers to internal and ."B" refers to external.)

)
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IX. Classes of fit for metric threads

A. COarse (general purpose)

B. Fine

X. Parts of thread notes

A. American National Screw Threads (Transparenciei 5 and 6)

1. Major diameter

2. Threads per inch

3. Profile 1

.

4. Series .

, 5. Class of fit

6. Left hand

7. Thread depth

B. American National Standard Unified (Transparency 7)

1. Major diameter
.

2. Threads per inch
,

3. Series

4.: Class of fit

5. Internal or external
thread

6. Left hand

C. Metric thread (Transparency 8) ,

14, ,Metric thread form

2. Majordiarneter of
thread

3: Pitch ,

4.. -Clatibf fit--

5: Internal-external

6. Left hand

r

3 " 1ktI .1.

ex

t

,

..

c

c
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INFORMATION SHEET

XI. Conventional representations 6f pipe threads (Transparency 9)

A. Schematic

B. Simplified

X I I. Types of threaded removable fasteners (TransparencY 10)

A. Bolts

B. Studs

C. Cap screws

D. Machine screws

E. Set screws

XII I. Shapes of bolts and nuts

A. . Square head'
..-

B. Hexagon head

4111.11

(NOTE: Bolt specifications would include nominal size, th ad type,iength
of bolt, finish of bolts, style of head, and name.)

XIV. Types of locknuts and locking devices (Transparency 11)

A. Jam nuts

B. Lock washer

C. Cotter pin

D. . Set screw

E. flex slotted nut

F. Hex castle nut

G. Stop nut

H. Elastic stop nut

I. Spring head,

rap nuts -

K. Serrated face nut

L. Captive washer

3'")

MD 381
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XV. Types of standard cap screws (Transparency 121

A. Hexagon head .

B. Flat head

C. Round head

r). Fillister head

E. Hex socket head
,.

XVI. Types of machine screws (Transparency 13)

,

A,- Round head
,

&

B. Flat head

C. Oval head

D. Fillister head

0

?

XVII. Set' screw heads and points (Transparency 14)

A. Heads

1. Slotied.,

2. Hex socket

3. Fluted socket

4. Square
,

B. Points

'1. Cup .

2. Flat

3. Oval

4. Full dog

5. Half dog

6. Cone -

,

,

411.

,

Miscellaneous bolts and screws (Transparencies 15 and 16),
A. Stove bolt

B. Collar bolt
(

C. Hanger bolt

&

-



INFORMATION SHEET

D. Step bolt

E. Track bolt

F. Square neck bolt .

G. Fin neck bolt

H. Countersunk-square neck bolt

I. Ribbed neck bolt

J. Countersunk bolt

K. Roundhead bolt

L. Turnbuckle.

M. Clevis

N. Thumb screw

0. Wing nut

P. T-head bolt'

Q. Plow bolt

R. Eye bolt

S. U-bolt

A T. Hook bolt

U. Askew-head bolt

V. J-bolt .

W. Lag screw

X. Square head bolt

Y. Hexagon head bolt

Z. Aircraft bolt

AA. Lab bolt

BB. Tappifig screw

CC.-- Tamper -proof fasteners
, .

1. Spanner

2. Oneway
v:

3' '

MD 383

6
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XIX: Standard large and small rivets

A. /Standard large rivets (Transparbley 17)

1. Button head

2. High button headiacorn)

3. Cbne head

4. Pan head

5. Flat top countersunk head

6. Round top countersunk head

B. Small rivets (Transparency 18)

1. Pan head

2. Truss or wagon box head

3. Flat head

4. -Countersunk t*ad

5. Button head

XX. Convention& rivet symbols and identification (Transparency 19)

A. -Shop rivets
Far Side Near Side

\11111/
1. .1=0

HP
2. 7:11

'30

4. I /
/31

111
5. 04
6.

7. ).11

III
8.

III
9. a;

In
11. 42:e

3.

10.

Two-full heads
',a

I

-tountersunk and chipped; near'

-countersunk and chip.ped; far side

Countersunk and chipped; both sid

--Countersunk not over 1/8" high; nea\r\,side

-Courgersunk not over 1/8" high; far side

--COuhtersunk not over 1/8" high; both sides

--Flattened to 1/4", 1/2" 'and 5/8" river,s; near side

--Flattehed to 1/46, 1/2," and 5/8" rivets; far side
,

--Flattened to 1/4", 1/2" and 5/ rivets; both sidas

--Flattened to 3/8", 3/4",rivets and over; near side

'
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12.

13.

INFORMATION SHEET.

B. Field rivets

--Flattened to 3/8", 3/4" rivets and over; far side

--Flattened to 3/8", 3/4" rivets and over; both sides

Two full heads

Countersunk; near side

--Countersunk; far side

--Countersunk; both sides

XXI. Advantages of plastic fasteners over metal fasteners

A.' Lightweight

B. Thermal and electrical insulators

C. Corrosion resistant

D. Easy to color

XXII. Devices to lock components ori a shaft (Transparencies 20 and 21)

A. Sunk key'(Pratt & Whitney)

'B. Woodruff key
f,

C., Sq'te,\key

Flat plain parallel key

E. Square type taper key

F. lartype taper key

G. Square gib head key

H. Flat gib head key

I. Taper pins

J. Cotter key

K. Retaining rings-internal

..L. Retaining rings-external

M. Self-locking rings

z

Mb-- 385

4-41
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XXIII. Types of springs (Transparency 22)

A. Compression (To absorb or cushion forces)

B. Extension (Designed to stretch and pull back to original position)

C. Torsion (Many different shapes that involve twiSting) "

D. Flat (Any desired shape that absorbs energy)

XXIV. Notes and dimensions fortypesof springs- (Transparency 23)

A. Compression

1. Free le2gth

2. Pitch

3. Diameter ID or OD

4. Type of end

5. Direction of coil

6. Material

7. Wire gage

B. Extension

1. Length

2. Free length --

3. Diameter OD

4. Pitch

5. Directidn of coil

6. Material

7. Wire gage

C. Torsion

1. Length

2. Number of coils

3. diameter of wire OD

4: Type of end

5. Length of end and angle

3

A



; _../"AD INFOSiviATION SHOT

.

6., Clirection of coil

-
, 8. cage

..,

.. .

..' XXV: Types ofispring clips 1Transparer)cy 24)
.,.> .

° .-., ", : A. Spring molding - I .

--- B.
- 4

Studreci,iver _ ..
: 4:11ri. . .

", -.- C. Cable,wire, and tube
,..,,

0 V '
. Cf. Darutype

, .

... .
.-.

o E: U.shaped,tihaped;a9d C-SKaped-.. -

. ,
t :

XXVI. Types of keys totprevent rtiatiye'rnotion betfrieen wheerand stlaft (Trantparency
..

.MD
.
387,

VW,

OD

A'

"3

25) ' . .
. ..

r.

,.;

I.

A. Square

B. Q"Flat
*

C.7 Gib head ,.

D. prati,and Whitney

E. Woodniff

F. Round -

i

A

,

r-,

(NOTE: Keys are ordered by size except Woodruff keys which are ordered
by number.)

XXVII. Types of machine pIns iTranspatency 261-

A. Dowel

B. Tapered

C. Cleves

D. Spirally coiled

E. Grooved

.F. Knurled

d. Quick release

H. Cotter

Wire

Arr.
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S. j3ii,t

K. 'Drive,
.

"XXVI 0 Washers (Transparency. 27)
,

A. Flat washers-Bearing surface

(NOTE: The oil) foes include heavY and standard.)
. e

,

ft
B. Conical washers--Spring action,

C. Helical spring washers--Locking
. I,

D. Tboth lock washers-Locking

E. Spring Washers-Built-,in pressure

-f. Special purpose washers-Decoration and other functions

(NOTE: These are'available in plated and unplated finishes.)-
XXIX. Applications of inserts.'

.

: A. In light alloys and plastics for higher strength

B. In ferrous alloys for permanent threads -,

C. In thin parts for internal locking of threaded holes .

.. D. In reassembly of mating screw without damage to metal

XXX. Types of loa washers (Transparency 28).-t

A. Helical spri'ng

1. Plain

2. Nonlink positive
AO

*

B. Tooth lock

1. Internal

2. External .4

^

3. Countersunk

4. External-internal

.5. Dome

6. Dished

1

7. Pyramidal

rl I
,-, , I

-,

,

t

-

t

0

\
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XXXI. Uses for spring washer designs

A. Provide pressure on adjacent parts

S. Act as take-up devices in an assembly .

C. Controlend pressure

D. Elirninate'end play

XXXII. Quick opening and rocking devices (Transpai:ency 29)

A. Link lock

B. Hinge lock

C. Hook lock

D.. Quarter turn

E. Spring lock

F. Trigger lotk

XXXII!. Miscellaneous machihe elements and uses

A. Quick release pins--To rapidly assemble and disassemble parts

B. Resistance welded fasteners (Transparency 30)

1. Projection weld--To weld nuts to a surface

2. Spot weld--To weld studs to a surface

C. Stud welded fasteners--To prevent leaks at joints

D. Self-tapping screws--To cut mating thread in metal or plastic

E. Captive nuts--To prevent rotation of nuts

F. Wing nuts--To allow fastening with fingers

G. Screw and washer assembles--To save time at assembly

XXXIV. Advantages of welding over threaded fasteneh (Transparency 31)

A. Test and-olatively 'simple process

B. Savings in time and expense

C. Less weight than casting or forged part in most cases

D. Neater appearance

E. Less noisy

4110

MI) 389
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F. Painting simplified'

G. Small quantity jobs

XXXV. Types of welded joints (TransparenCy 3-2)

A. Lap-

B. Butt

C. -Tee

D. Corner

E. Edge

XXXVI. Parts of a welding symbol (Transparency 33)

A. Finish symbol

B. Contour symbol

C. Groove angle

D. Specification, process, or other reference

E. Tail

(NOTE: This may be omitted when a reference is not used.)

F. Reference line

G. Size or strength for certain welds

H. Basic weld symbol

I. Root opening, depth of filling for certain welds

J. Number of spot or projection welds

K. Length of welds

L. Pitch of welds

M. Weld-ali-around symbol

1 N. Field weld syrribol

0. Arrow

P. Multiple welds
a') Ik
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XXXV I I. Basic et end gas weld symbols (Transparency j4)

A. Fillet

B. Plug or slot

C. Arc-spotor arc-seam
. .

D. ' Groove

1. Square .

2. V

3. Bevel

4, U

5. J 0

6. Flare V

7. Flare bevel

E. Back or backing

F. Surfacin ..

G. , Flange

1. Edge

2. Corner

XXXVI I I.Supplementary welding symbols (Transparency 35)

A. Weld-all-around

i

B. Field weld

C. Contour
V*,

1. Flush/
2. Convex
, .

.
DI, Melt thru

XXkl X. Dimensioning of welds (Transparency 36)

A. Weld-all-around

B. Staggered

3"kl****

..

-

,

..

,z

..

.

MD 391
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C. Near side-opposite side

- D. Combined welds

XL. Resistance welding symbols (Transparency 37)

(NOTE: Students will be responsible for new symbols.)

A. Resistance spot

B. Projection

C. Resistance seam

D. Flash or upset

X LI. Classification s of-mettiods.of usihg adhesives for bonding materials

A. Functional

1. Structural'

2. Holding

3. Sealing

B. Chemical

1. Thermosetting

2. TheMplastic

3. Repetitive structurie = I

a. Epoxies

b. Polyamides

c. Polyurethanes

d. Polyacrylatej

C. Method of application

1. Solvent

2. Hot melt

3. Two part
3 " 3

3 ..*

c 4
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D. Nature of properties

1. .Metpl to metal

2. Metal to plastic

3. Plastic to glass

XLII. _ Joint design considerations for adhesive bonding

A. gonsider type of stresses on bonded joint (TranSparency 38)

Example: .- Shear,lension, compression, cleavage, ancl peel

8. Use as targe of contact areas as possible for maximum strength

XLI I I. Joint designs.for adhesive bonding (Transparency 39)

A. Lap jaint
. ,

b. *...biggle jt .

C. Double l?utt lap .
.t-.;,

b. japereti 10-
.

..

E, Double scarf lap

,

.
F.- Corner joint'

9.. T-section itiffener
,

H. End lap joint

t. Mortise and tenon

3:1 4
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\

Screw Thread Nomenclaiure

Depth

Crest

'Root

1

Side

Y

Thread
Angle

External Thread

Pitc'h i .

Internal Thread -*

4

g

Number oi Threads Per Inch

--,

,

TM 1
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Screw Thread Profiles

#

,
1-E-i2

1. 1

I 60°

. /
.12P /u/ //

American National'
'p Flat or.12P.r T >1 Rounded Crest

. A
,

--1- .0

D = .7H
_Y-

16

X
RoundechRoot/' //// .1211// // //

Unified (Externbl)

Whitworth Sfandard
. .

.1-61311.,

e

,

.

/ / / //
Metric

.4713 --.< ' P

I l I

4

.54P

29°

.5P .5P

. General Purpose Acme

. 0MD 397

P

/ 1
Knuckle

;HA,

i. i IA' 2113 I
. -

A 29 re 15P

//
-/ / A/

AcmeStub

a

(NOTE: Dimensions may be used to approximate the threes& for detail drawings.)-
.

...
, , ,

'a t t j

,

,

,

TM 2



. Screw Thread Symbols

416

14/

W.71347/A

Simplified Representation
of Threads

Schematic.
Representation

o1 Threads.*

4

MD - 399

Spittimit
altommom

Detailed
Representation

of Threads

't-om ANSI 14.6-1978 Reprinted,withrperrnission of ASME

6"
t...1 TM 3
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2.0

.

o

.rj

..

,

r

t MD-404

Combin0 Screik'Threacjilymbcils'
3

../

.,

. Moiti)ple Thread Representations
' of Assembled Parts

_

2

_

,

'

4 4
2

s

'l

Prom ANSI 14.6-1978 Repinted-with permission of ASME

3:;`i ..
r ^

:

TM 4

,

1
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, 1

,

)

,

American National Thread Note
for Holes

)
, '

1

t
I

Drill
1.38

;111117
Depth

,
{ /Agillgir//
Depth

, ///
40 ,Interpretation of Note

49 DAILL 1.38 DEEP64 .

2-9NC-2 LH-1.00DEEP.8
A

.1AD - 403

..

iTh read, Depth
-Left Hand

-Classt of Fit
-Course Thread Series

-National *(Profile)
-Threads Per Inch (Series)

Majoit Dia of Thread

Mb .
,

Thread
7----, 100

,

re
- r

s,

NOTE: Obtain tap drill size from
thread chart.

TM-- 5



Amer.ican Nationil Thread Notes
for Threaded Shaft

)

18 Mr - 2
8

National Fine

,'
MD- 405

11-5 ACME- 2G

Class of Fit

3 :1: )

t

General Purpose

1

TM 6
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6 ,

MD 407

American Standard Unified Thread Notes

lt UNC-213 LH

---Left Hand
Internal Thread

Class of Fit
Unified Form
Coarse Series

Threads Peanch
Major pia of Threal (Nominal)

-

,

,

1 28 UNO - 2 A

4xternaL
Class of Fit

Unified Form
Pine Series

Threads Per Inch
-Major Dia

,

,

,

l

3u

4,

, TM 7 . ,
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Metric Thread Notes
,

MD 409

-__

Metric Thread Form
iMajor Dia of Thread
(Basic)

M6.3 x 1 - 6H - B LH

I Left Hand
Internal

\

Class of Fit
Pitch

-

Metric Thread Foi-m
Mpror Di.a (Basic)

, M6.3 x 1 - 66 - A
,

External
Class of Fit

Pitch

M8 x 1.25 6H15g6g
M8 x 1.25 C

.--e 4 )

Close
Tolerance

,

TM 8
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to

Pipe Threads
2 NPT

or,

c

b

. 2 -rNPT

Schematic
1 i

,

IP

Simplified

t

MD - 411

YON

3 :3 TM 9
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. Removable Fasteners

i

...

Cap Screw

i

Machine Screw

In

1

<

3

Bolt

(Shaft)

Stud

Set Screw

. *

*

MD - 413

--

. *.

TM 10
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_

1

, .... Cotter Pin Hex
. Semi-Finished

Thick Nut

-1
m
...A

/ ..1

- Lock Waiher

, 1

Plate Nut 1

3 1 5

Locknuts and Locking Devices

Nut With
Set Screw

Hex
Semi-Finished

Jam Nut

Hex Unfinished
Slotted Nut

With Cotter Pin

Hex Unfinished
I Jam Nut

Stamped Nut

Semi-Finished
Castle Nut

With Cotter Pin

Hexagon Head
`Screw and Spring

Lock Washer
1

Flange Nut

,

Hexagon Nut
with Lock

Truss Head
Screw and

External Tooth
Lock Washer

,

Stop Nut

fan Head Screw
and Conical

Spring Washer

Screw and Washer Assemblies

Knurled Nut

,

Weld Nut
3 1 `,:

f7

C
ID



Standard Cap Screws

fp

2 D
3

Hexagon Head

: Round Head

Flat Head

Ago"

taiillister Head

3 7

MD 417

Spline Socket
Flat Head

SeeReference
Table 'Mk.

H----D

30°

1

4

z
Aoryp

Hex Socket

TM 12



Machine Screws

sr-

D = Body Dia

$1116111UEMEHIV
2D

Oval Head
alk

tie

dt .--Round ad. ,.

- MD

41111

1 D r_rii_plENEE1121111

D,15

tf.

Fillister Head

-

11,

FAE11.1E111111
s

Rat Head,:

t . .: .. ,. .
(NOTE: .;The'se iicapproxiniate din:tens.ions 4or drewing purposes. Use hap:iv/Are,

.. catVog for.ece(irate dirnebsions.) '..., : '4 . .,..' .'., .,..,..

'1 ' ;Is. . ,',.r''' ' I ,*

: ek''
.. 01$

..*'!; j'"1 3

C.

t

44,,,Ei

.21

t It I ye+,

t'



i*D1
Square Head

Cup Point

lto
Full Dog Point

Set SCLeWs

D

MD - 421'

Hex Socicet
3
5 D

41e.

Socket Spline

111)15

Flat Point

1:13DL
Half Dog Point

Oval Point

Z90\
Cone Point

. D = Thread Diameter
L. = Length

(NQTE: These are approximate dimensions for drawing purposes. Use hardware or
standards catalogs_ for accurate dimensions.)

TM 14
3 4A
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Miscellaneous Bolts and Screws
/

Step Bolt

Tapping Screw

MINI

MN
U-Bolt, Round Bend
., .,

..., --

MD,- 423

One-Way Head Screw Meter Bolt

Oval Head Mick Bolt

Round Head Short
Square Neck Bolt

Round.Head Square
Neck Bolt

g I'jil

Cleyis Bolt

Thuinb S.crew

,

,

Boiler Patch Bolt

r3t,-;,#)

4

Connecting
Rod Bolt

Turnbuckle

Wing Nut

Clevis

,

to A

1TM 15
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Miscellaneous Bolts and Screws

Round Head Fin,
Neck Bolt

Round Head
Ribbed Neck Bolt

11113111011100

Hexiggon Head

Hood Latch Bolt

Strut Bolt

(Continued)

Collared Eye Bolt

fl

Square Head Bolt

Eye Bolt,
Open Anchor Ring

,1MW1k.

Lag Bolt

Round Countersunk Head
Square Neck Plow Bolt

MD 425

Square Neck

IlItIi

Aircraft Drilled
Head Bolt'

=or

StoVe Bolt

Rivet Bolt

T-Bolt

TM 16



Standard Large Rivets

Button
Head

Pan Head

High Button
Head (Acorn)

Flat Top
Countersunk

HD

3' "

bone
Head)

Round Top
Countersunk

HD

MD - 427

TM 17



b

0

/

,r

Small Rivets

Flat
Head

, Pan
Head

.e'

1

Countersunk Button
Head Head

.0.

/ -.......1.2

Truss or
Wag On kf

.Box Head ,

3:3

..,

MD - 429

TM18

I



Countersunk
and -Chipped

6- cu a)

(DP :Co +672
Z cn u.cn caCh

Rivet Symbols

4ountersunk
Not Over
Ye" High

e W.W
(DP (172 48:0
Zu,) Limy) cow

MD - 431

Flattened Flattened to %"
to 1/4", 1/2" 3/4" Rivets

nd 5/i" Rivets and Over

6.
CO CO

w2 2
Zu) Zu) um cow

0 k. 0 0 0 fl :14 et re

Shop Rivets

Countersunk

41)
di CD CD -C a)a
Zci) 'LL.u) coca

Field Rivets

3,7

4IP

TM 19
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-,

Design with Rivets

EL-A
(,...

Poor Good Good

Poor Good\ Clearance Problems

IIL____,271_71.

Strong

-

i

Weak

Good Poor

Placement Problems
t

mp - 433

TM 20
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Shaft Locking Hardware

Round End Key
(Pratt and Whitney)

-..

..

(

WdodrUff
Key,

E III
Square Flat

Key Key

Taper Gib Head
KeN Key

potter Pin

-a

.Self. Locking
: External ri

le

a

- I

.
,

4,

J

4

.*

Retaining
, Ring

Internal , \

,S'elf Locking
." Triangular. .

4

I

,

,.

Taper
Pin

\

MD 435

-a.

Retaining
Ring

"-- External

SOL Locking.
Internal

war

:

TM 21



Force

Force

Springs

'Compression

Extension

Force

Force

Force Force

Torsion.

I.

Force

Flat'
fl

437

TM 22
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4'

Dia
of Wire

Types
of End

Schematic Spring Drawing
Representative
Free Length----,

h.-----1Pitch

.- Compression

, Length
- h -112itch

Direction of Coil
Material

I

Gage

ID oi. OD °i
,

.

Direction of Coil
Matérial
Gage-=

..

Free Length ..

Extension

Dia of Wire
z-Number of/ Coils

\ Type
of End Length

Torsional:,

Direction of Coil
Material
Gage
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IA

-

4/

J

Clips

Dart Type Spring Clips

Cable, Wire,
and Tubin§ Clips

,

a

MD 441

Spring Stud Receiyer'
MOlding Clip Clips

*

Note: These must be identified
by using vendors catalog.

"U"-Shaped, "S"-Shaped
and "C"-Shaped CHO

3 TM,



Round

Prat( and Whitney

Keys

MD - 443

Square

Head

TNIg25



essol

,

it

Dowel

Pins

Clevis. .

. Tapered

_

SpirallSt Coiled

13 I

G.rooved Knurled

t:

1r-

MD 445

Split

Drive .

Quick Release

-Wire Cotter

-
TM 26



t.

0.",

.. ...... ft :.
0"

(

(.1

,

*
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S.

4,

1

Washers

E ,

41
.4..

.

'Helical spring

4 f
a.

pring.typ'e

a

0, e
e3,

&

,

".

4,17

. ,o,

J. 'Tooth. Lock,.

Conical

t

4.,7

"a

MD.1-

4.

Finishing .

I

4
. .

.

10

S.

.

TM 27.
a.

al



I

;

to.

.

Tooth Lock Washers

ERternal

, &

External-InteMal

Pyramidai
-1,

4r) )
%.)

Internal

Countersunk

MD - 449
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1

Quick Locking Devices

%.

lo

MD 451

_

Link Lock 4. Hinge Lock

Quarter Turn

't

*

IP

,

I

: 1

., "11

.4

5,

.
r 1

s

Il..., i ;i '

4

^ A

1-

\ \
\\ % \\ I

N \*,/\ -

Hook Lock
s

AP

i

1

,
TM 29
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Attaching Resistance Weld Fasteners
,

I

Electrodes

7.

IV

A

,

-

Projection
Welded

,

c.

1

Spot Welded

t

Electrodes

4100

TM 30
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Welding Advantages
410.

1. Is Fast and Relatively Simple
..

2. Saves Time and Expense
a

MD - 455

3. Causes Less Weight Than Casting
or Forging the Part in Most Cases

4. Has a NeaterAppearance

-5. Is Less Noisy

6. Simplifies Painting Process

7. Is Good for Small Quantity Jobs,

3 ', ; /; TM 31



Types of Welded Joint

Lap Joint

Butt Joint

Tee Joint,

Edge Joints

3

MD - 457

Corner Joint

TM 32
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1

Finish Symbol

Contour Symbol
,

Root Opening; Depth of Filling
for Plug and Slot Welds
Size; Size or Strength
for Resistance Welds

Parts of a Welding SymbOl

Reference Line

Groove Angle or
Angle of Countersink
for Plug Welds

Length of Weld

Pitch (Center to Center
.Spacing) of Weldsi"!
Arrow Connecting Refe-
rence Line to Arrow
Side or Arrow-Side Member
of Joint

.-

>

Specification, Process;
goor Other Refekence

Tail (May. be Omitted When
Reference is Not Used)

Basic Weld Symbol or
Detail Reference

4

I.

4

Field Weld Symbol

Weld All Around Symbol
Number of Spat or
Projection Welds %

c

s.. :

,

5
A

3 c2) 1 l S

4b



a

e

. '

a MD.461

Basic Arc and Gas" WeWing Symbols vi
0

.

.b ,
- Fillet

i
A

Plug
Or

Slot

.

Arc Spot.., .
' or

Arc = Seam
.

. .

vfol Air

Old ,

. _

..
.

-

, Groove';'

Square
--i,k -

*_V

.

Bevel
.

U . j
' r

Flare
V

.

Flare
Bevel

,
. 0 , r

,

..

.

.

.

.
'

) 6 .,

.

..

.,?' i -.
. .

.. ..

1/4

v------ . . _
* )(

*ran

%

.

ack or
Ba king

%

Flange
Surfacing

01
, Edge Corner

. .
..

, 0

4---, TT-7k

,

.,...,,%.....

_ez;d,____Th.,-,-..=i--Nik

A

0

1
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DO. .

4

'Supplementary Symbols

'6

,

Weld
Ali

Arour71

Field
Weld

.

.

Melt
Thru .'

Contour

Flush Convex Concave

_

,

1776A

.

_

/
_

,
.

./\-
,

m

.,. . .
ti/lanc ine

'Supplementary- Symbols

, Combined Welds

AO.

.4
' TM35 7
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\ Dimensioning of Welds

,

i

i\

, Near Side OppOsite Si-de ,-

.

,

Staggered
1

I.
Weld Ail Around i-

+.

'-......t.

Combination
Weld
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Resistance Welding Symbols

..
Type of Weld.

4 .--- .,
%

Resistance
. apot Projection Resistance

S
-
eam

: e

...Flash
, Or

ra

U pset
,k, .

4/
/

New 0
r

_

Oldt i
/

. t

/frA
Pr _Old

New

.

New 0
,

Old
Old

r

Old '
. 1 AV V

,

New

Old
New 01

New

New 1

\New 0 \p
.

.

/ Awing'

.Old

. -

\

*-1 I
1.1 a

TM 37



Stresses on Bonded Joints

Shear

. Tension

Compression

1...mmowl*
Cleavage':

Peel

)
3

-Ow

MD 469

TM 38
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w .

Joint Design for Aclhesiiie BondiOg

...

1-1
Lap Joint

Double Butt Lap

T.Section
Stiffener

End La-pioiht

Joggle Lap

Tapered Lap

41[ ,

Corner Joint

Mortise and'
Tenon

, -

3:444

I .TM
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I=ASTENERS AND HARDWARE
UNIT VI

MD: 473

.. ASSIGINMENT SHEET -CONSTRUCT THREAD SYMBOLS

Directrons Using screw thread tables included wi_th this assignment sheet, draw on "B"
size .yellurn or other media to .1 or proper scale the thread symbols indicated in the
problems. Use the correct type of symbol, and letter the correct thread note as shown rn the
following example .$

Exarnple
5 -18 UNF - 2A

imffinongeponnonnt
111111111MuldIMIRMI

Schematic

lircular View

tr./ :1-.t

Section -
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. I fl.
' ? e 01 4

:.. '
L 0

.4, J' . AStIGNME.NT S,HEET #1
. `., q. ,, ..,,. c

4 .
. ''. 4.4

k

P[obrthl . ' Z. .. I

1
° ; r .

. . A ' ' '' , .o 'i

... ,

.. <

A -4.:'Srrl pilfied,externalthread M 10 x 4.5 -gA
1 ... J., . ,

% * : *, ,
e

.13. Sfrrriptifirriteinal Xfiread M 10 )t 1.5 6HB thru 1,14 ; lONC 2LH 1.00 deep.

.s*TLIW-

1

cej: SirnillAeGI'eligkernaVthreaCI 314-40NC -:2LH

" : S ".S1(141ifed Irtogrnal thread "1/4-10NC-?L-H-1.00,deer:
1.+

"E Scher4ic ektptnal tfiread 443 x
.:,

. .

aci. ' , F. 5therafic Intteñal thread M3 x'.5C-B' ,;'.
,

, ' ' . . ' -1 ' r,,
S a * . u

k . .,-.G '- Schematic e94ernal thrp,ad 11,4 -,20 UNC(2A. . .. .
, , . ..... ,,,,: :,. . \ - .

,.
.- . . .

.
4;f1 Sehemnc'irrternal:trire5d 114-20 UNO-2B'thru

,

. ' 11. S f . t, K ., - , .

*

4 v... %*

, ' , Z 0

. l!',. 4 ,

o

10 $
1.

a,'

9

I

S.

.
/

I

*le

a

tOS,



TABLE 1-A

AMERICAN NATIONAL STANDARD UNIFIED AND AMERICAN
NATIONAL SCREW THREADS1

NoininI

Loose
NC

UNC

Fine
NF.

UNF

Extra Fine'
NE F

UNEF
Dioneter Thds TM Is T,hds

11111 per Tap per To per Tap

._
Inch Drill In, h Drill Inch Drill

0 ( 060)
-..---

80 3/64
1 I 071 64 No 53 72 No 53
2 I 0861 56 No 50 64 Nu 50
3 I 0941 48 No 47 56 No 45
441121 40 No 43 48 No 42

5 I 1251 40 No 38 44 No 37
6 i 1381 32 No 36 40 No 33
8 I 1641 32 Nu 29 36 Nu 29

10 I 190i 24 No425 32 No 21
1 a.1 2161 24 No 16 28 No 14 32 No 13

1 I 20 No 7 28 No 3 32 7,32
5 16 18 , F 24 I 32 932
3 8 16 5 16 24 0 32 - 11,32
.7 16 14 U 20 25/64 28 13,32
12 13 27 64 TO 29/64 28 15,32

9 .1 12 31 64 18 3314 24 33,64
5.8 11 17 3,2 18 37 64 24 37/64
11,16. 24 Al 64
3,4 10 21 32 16 11 16 20 45.64
13 16 20 4914
71 9 49 64 14 13 16 20 53 64

.15.16 20 56'64
1.

8. I 12 59 64 20 61 64718,
I 116 18 -1 r
1 1,8. 7 63 64 12 1364 18 1 5,64
1 3/16 0 18 1961
144 7 1 7 64 12 1 11 64 18 1 316

.--
. 1 516

. n
18 1 17 64

, 1 3/8 6 1732 12 1 19/64 18 1,16
1 7/16 8 1 3 8
1 1/2 6 . 111 32 12 1 27.64 18 1 7 16
1916 18 H 2

1 5 .8
1 1 1 16

18 ..
1iF

1 9,16
1 5 8

1 34 5 1 916 ,

2 4 1 2 1 25 32 I
2 1,4 4 l'2 2 1,4/

2 1 2 4 2 1/4
2 341 4 2 1/2
3 4 2 3 4
3 1/4 4
31/2 4
33,4 4
4 44

ANSI 131 1 I-

Cl/atm 14 24 3A 1B 28 38 2 and
'Chines 2A, 3A, 28 38 2 and 3
Closes 2A 28 2 and 3
For approximate 75% 1rdl depth of thread

MD 475

'

Nominal

8 Pdch '
Series
IN and tUN

12 Pitch
Sanas 12N
and 12UN

16 Witch
Series 16N
and'161.1N

Chamater Thds Thds Thds '
par Tap par Tap , per To

Tisch Drill Loch Drill Inch Drill

1/2 12 27/64
916- 12 31 64
5/8 12 3514
11/16- 12 39 64
3/4 12 43 64 16 11/16

13/16 12 47/54 16 314
14/8 12 51/64 16 13116
5/16 12 55,64 16 7/8
1 8 7/8 12 59/64 16 15/16
1 1/16 12 63/64 16 1

1 1/1 1 12 1 3/54 16 1 1/16
1 316 12 1 754 16 1 1/8
1 I '4 8 1 1M 12 1 11/64 16 1 3/16
1 5/16 12 1 1564 16 1 *
1 3/ 8 1 1/4 12 1 1914 16 1 9,16

1 7/16 .12 1 23/64 16
i

1 3/8
1 1/2 1 3/8 12 1 2714 16 1 7/16
1 9/16
1 5/8 1 1/2 "

12 1 35/54
16

16 i

1 1/2
19/16

1 11/16 16 I 1 5/8

1 3/4 .8 1 5/8 12 1 4364 16 i
i 1 11/16

1 13/16 16 I 1 3/4
1 7/8 1 3/4 12 1 5114 .16 i 1 1316
1 18/16 18 -1- 1 7/11 ;
2. 1 7/8 12 1 59 64 16 1 15/16

2 1/16 16 2
21/8 12 2 3,14 16 2 1/16
2 3/16 ' 16 2 1/8.
2 1/4 2 1/8 12 2 11 /64 16 2 3/16
2 5/16 16 2 1/4

2 3,8 - 12 2 1914 16 2 5/16
2 7/16 . lb 2 3/8
2 1/2 8. 2 3/8 1/1 2 27/64 id 2 7/16
2 5/8 2 35/6i 16 ' 2 9/16
2 3/4 8 2 5/8

12
12 ' 2 41/64 16 2 11/16r

T 7/8 12 16 1

3 8 ' 2 7/8 12 16 1

3 1/8 12 16
I

.,
3 1/4 12 "' 16 ,

-
3 1/2 12 16
3 5/8 12 16
3 3/4 8 . 12 16 >

3 12 16
4 8 12 16

4 1/4 8 12 16
4 1/2 8 12 I 16
4 3/4 8 12 16
5 4 12 i 16
6 1/4 8 12 16

4.
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"

TABLE 1 B

METRIC SCREW THREADS

Coarse general purpose F ine

Nominal Size
' & Thd Pitch
t---

M1 6 X 0 35
M1 8 X 0 35

M2 X 0 4
M2.2 X 0 45

M2 5 X 0 45

,

'

,

Tap Drill
Diameter, mm

Nominal Size
& Thd Pitch

,

Tap brill
Diameter, mm

1 25
1 45
1 6
1 75
2.os ,

.
.

,

.

.

M3 X 0 5
M3.5 X 0 6
"M4 X 0 7
M4 5 X 0 75

M5 X ci.$

2 50
2 90
'3 30
3 75
4 20

.

M6 3 X 1
M7 X 1

*M8 X 1 25
M9 X 1,25

*M10 X 1.5

5 30
6 00
6 80
7 75
850

.

*M8 X 1

*M10 X 1 25

.

.

7 00
,

8 75
,

M11 X 1 5
*M12 X 1 75
,M14 X 2
*M16 X 2
M18 X 2.5 ,.

9 50
10 30
12 00
14 00
15 50

,,

.

M12 X 1 25 .

M14 X 1 5
*M16 X 1 5
M18 X 1.5 .

10.50
12 50
1450 -
16 50

M20 X 2.5
M22 X 2 5

*MN X 3
M27"X 3

*M30 X 3,5. ..

17.50
19 50
21 00

.24,00
20 50 . ..

*M20 X 1 5.
M22 X 1,5

M24 X 2
.M27 X 2

- 11130 X2

2.

.

18 50
20.50
22 00
25 00
28 00

M33 X 3 5
*M36.X 4
M39 X 4 '

M42 X 4.5
.M45 X 4 5

-

-C

:

-

29 50
32 00
35 00
37 50
40 50

'''' .
...

. M30 X 2
*1\7136 X 3

M39 X 3
"'`nnaa .5:k 3_

M45 X'3

.
. ..;

31.00
33 00 9

, 36,00
39.00
4200 -

,

.
*M48 X 5
.M52 X 5
*M56X 5 5
M60 X S

*M64 X 6

.

.

-

. I

43 pa
-47.00
50,50
54 5.0
58 00

-
.

I-

M48 X 3
M52 X 3

*M56.X 4
M60 X 4

M64 X 4 -. . ,

.

. '
.

45 00 .
'49 011.
52 00
.56.00
60 00

-
..

.
.M68 X 6"
,:M72X 6
*M80 X 6
M90 X 6
*M100 X 6

.

62 00
66 00

.74 00
84.00

.94.00

.

M68 X 4
..

... .

-
-

-
.

-. 64 00

. .

.

,

. ,

Metric Fasteners Standards IFI 500 (1976)

*Preferreci sizes for commercial threads and fasteners

14.

7
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FASTENERS AND HARDWARE
UNIT VI ,

ASSIGNMENT SHEET #2--CONSTRUCT BOLTS, SCREWS, AND NUTS

Directions: Using bolt, screw, and nut tables, draw on "El", size vellum or other media,
to a full or proper scale the fasteners indicated in the problems. Each fastener is to be drawn
holding parts together. Letter correct deScription abbreviated below each symbol as shown
in the following example.

Example:

ik*

4

0

'Pi,
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ASSIGNMENT SHEET #2r

"Problems

(NOTE All tap drill sizes shpuld he specified for external.)

A. M6.3 x 1 40 mm.long hexagon head cap screti

B. 3/4 x 2 1/2 hexagon head cap screw

C. 5/8 11 unc 2B square nut

D. M 6.3 x 1 hexagon mit

3/4 10UNC 2A 2 1/2 long hexagon cap screw

F. No. 10 (.1900) 32NF 3, 5/8 long fillister head Machine screw

G 'M8 x 1.25,0mm long slotted pan head maclne screws :
w

,4

H. 3/8 16 UNC-- 2A, 3/4.long squire head,flat point set screw., \
I

M10 x 1.5 12mm lang heiogon socket hebd sef screw full dbg point
4 ,.

J. #204 woodruff key

.2(

4
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FASTENERS AND HARD,WABE
'UNIT VI.

sh`

rt,

ASSIatMENT SI-itc #3--CONSTRUCT AN AS§EMBLY
CONTAINING VARIOUS FASTENERS

MD - 479

.:.: . . ,,

Directions Using fastener table& draw on "B" size vellum or (other media an assembly
drawing with the folldwing fasteners:

4 st "larl
:,

.
,

1r ''t '-'--4/h `
. .

,
1. 3/8 x 1" hexagon cap

I
screw

a

and American StandArd,regUlarlb,ckwasher... .

2. 318 x 1/2 slotted pan head machine screw and special washer

3. No. 10 x 1/2 sl tted round head machine screW

4. 3/8 x 1/2 slotted headless cup,point set screw \
-

S., #606 Woodruff key
y

6. #10 x 1/2 slotted Ov#I'headinachiné screw

7. 3/4 pipe tap-

4

-_ ". ,

,4.
c

Vetter-correct fastenslescriptions in partslistAirectly above title !arm*. Complete thg sec-
,

toned assembly as specified by instructor.

. I "

4

.

it si ts- ,

"
- .

r

C

_

4.

A-
6

.c
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FAST (ERS AND HARDWARE.
UNIT VI

ASSIGNMENT SHEET #4-CONSTRUCT A WELDED ASSEMBLY DRAWING

Directions: Select problem A or B and make into a welded drawing on a 116" size sheet
of vellum or other media. Use proper welding symbols as shown in a welding symbol chart,
and comPletely dimension.

Problems:

A .Bracket Metnc

Scale 10

B Stop base Inch

Scale 1 /4" =1"

4.00
1.75

4° 997/ 1 000

41"4"
REAM"

40111044 1 26

62 DRILL

4t .16 "1%1Wrg:#
te04d

.68 -2 50

MD 481

It
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FASTENERS AND HARDWARE
UNIT VI

ASSIGNMENT SHEET #5 -CONSTRUCT SPRING DRAWINGS TO
INCLUDE SPECIFICATIONS

Directions On "Al' size vellum or other media, construct spring drawings toonclude the
specifications listed for each problem.

1-

MD 483

ProblemS.

A Detail drawing re.presentation of a compresied spring with the following specifica-
tions-

1 2" free length

2. 10 gage diameter of wire

3. 3/4" OD

4. 1/4 pitch

B. Schematic drawing of an extension spring with the following specifications:

1. 3" length

2. 2 1,2" free length

3. 5/8" OD

4. 1/4 pitch

C. Schematic drawing of a torsion spring with the following specifications.

1. 4" length

2. 15 coils

3. 1/8" OD

4. Length of ends 1 1/4" .

5. 'Angle 50°
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-
FASTENERS AND HARDWARE

UNIT VI

ASSIGNMENT SHEET 4-6- CONSTRticT KEYS IN ASSEMBLED POSITIONS

Oirer-,tions Using the tables included with this assignment sheet, construct keys for the
problems given by using the procedure in the following example.

Example' Construct an assembled deta)led drawing of a 1 1/8".shaft square.keyed
to a wheel. Only show detail of the key, shaft, and _wheel. 4.

1. ,Using Table 6-C, find shaft diameter range.for'1 1./8" shaft

2. Ansoler is 15/16" to 1 1/4"
s

3. Reading across the line, square stocls key says.W = -1/4 and H =.1/4

4 Draw detail based, on dimensions in illustration

1
4 ;

H 1

2 8

-DRAWIN.G InFORIIAATION

'
0.F

fe.

are

'
.r.11.1''

DRAWING

%b.

.

I.
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y;

r

Vag,
ulna

ASSIGNIMENT SHEET -4P

Problems
r

Construct an assembled detailed drawing ot a 1 1/2" diameter s.haft square
keyed to a wheel Only show detail of the key, shaft, and wheel. Draw in 1/2" =
1" sca e in the upper left quarter of the' "A" size vellum, Letter title and scale
wider detail. ,

- <

8.1 Corrstruci an .assembled detailed 'drawing of a 4 3/4" diarneter<shaft flat keyed to

. a wheel Only show detail of the key, shaft, and wheel. Draw in 14" = 1' soale in. i
the upper right quarter of the "A" size vellum. Letter title *Id scale under detaiL

,
C Construct. an assembled!! detailed drav-ong of .a' 9/16" diam-eter shak Woodfuif

key0 to a pulley.. Only st4ow detail at the key, shaft, and p`ulley Draw in 2 X
kale in the lower !eft quarAer of Ihe "A" size vellun-i. Letter titIR anq scale under

. idetail f t.
. -,-, -

- ..
. ,.

(NDTE.-Table 6-A wril locate- the 'Woodruff1;ey size and Tatilld .8-B wilT g i v e
the draw,ing details.)

... ' . .., i.:, . -. - . . .
- D Constructan assemhled detailed drawing of a 1 3/4" .diameter shaft WObdruif '

keyed tO a l'ib Only she* detail of thk key: huhoand ;haft I",) rd w in full sizkin
%Ole lpwer i ight quarter of the "A" size- mvellu Letter.title art nder-scale k.idarfail. 1.

-;... , . . ...

.

V t

ON

IO

-

a

_

r

.-,

r

-

V
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TABLE 6-A

WoOdruff Keys' AlMerican.hlational Standard .

Key
No.

- . -

Nominal Sizes
Maximum -

Sizes .

A X B E F - - G . H '
_

D . ,' C

204 1/16 X 1/2 3/64 1/32 5/64 .194 .1718 .203
304 3/32 X 1/2 3/64 -3164 3/32 .194 : Jsel .?03
305 3/32 X 5/8_ 1716 3/64 .7/64 .240 :2031 .250
404 1/8 X 1/2 3/64 1/16 7/64 114 . 41405- .. .203
405 1/8 X 5/8 1/16 1/16- .1/8 ,,240 .1875 . -.250

'46 . 1/8 X 3(4 , 1(1.6 ... 118 , .303 . .2505 .3i3
505_-. 5732 X 679 1/16

c,1/16
5/64 - 9/64 ' .40 ;iyab ..:.250 -,

506 .513)(3/4. .1/10 5/64 -! 9/64 .393 , : .2349 .313
5132-4 7%8 .1/16 5/64 . 9/64' '.365"

60E 3/1-6 x 3/4 1116 -3/41. 5/32.'. 1..:403,-, . '.2193

607. 3/16.,X 1/0 :. 1,/f6; -ii,ai ." 5732 s , -.365 .2g13 , .3--i
*98 , 3/16, 4.1 1/-16 . 3/2- 1.5/32 -- : .428 -..-.3443. .438 -

3715 X 1 1/8 0/64 '3rn2 ."-- 11/64 : .47.5 ''-', ..3403' .484 .89f :114 X718 1/16 . 1/8 .' ..3/1 6 ,:.365 ,: .280,0 .-375.--

.180e. 1/4 X 1
j/4 x 1 1/8

0. 6
.6[64

" 1/8 -.
-.1 /8

3T1'6
13/64

,.42-8-
.475

':31-30
3590

`.438**
.484.

itlo ,.1/10 x 1 1/4 5/64 : 1/8 113/64 ...537- .4220 .547Ail' . 1/4 X 1 3/6. 3/4 4,11/8.'_--/ 7732 .564 .4690- .594'
1/4 X.1-112 7/64 1/8 15/64 .631. 1-.5160 :641

--
- - -4-,

1008 .' 5/16 X-1 1716 5/32 7/32 .428 .2818 .438
1009 5/16 X-11/8 5164 5/32 15/64 47g .3278 .484
1010 5/16 X 1 1/4 5/64 5/32 15/64 .537 .3908 ' .547
1011 5/Th X 1 3/8 3/32 5/32 8/32 :584 .4378 .594
1012 5/16 X 1 1/2 7/64, 5/32 17/64 - .631 .4848 .641

4 I

1210 3/8 X 1 1/4 8/64 3/16 17/64 .537 .3595 ,.547
1211 3/8 X 1 3/8 3/32 3/16 9/32 .584 .4065 .594
1212 3/8 X 1 1/2 '7/64 3/16 19/64

%. .. .631 .4335 .641

'ANSI B1)7.2-1967, R1972
2 Key nutnbers ipdicate nominal key dimensions. The last two digits give the
ndminal dameter B in eights of an inch, and the digits before the last two give the

'nominal w dth.A in thirty-seconds of an inch..

t

MD 487

4

1-

'

a*

-
c

4 S.
I.

p.
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TABLE 6-B
. a - 6, . ,_

Woodruf.1 Key Sizes-foy0ifferent Sha4Diamaters'
. (

a . .
1 .... T

I 7
Shaft 5/16 to *7/16 to 9/1.6to 13/16 to i to - 1 1/4 to, .1 1/2 to 1 1406 to - 2,3/16 tot!. .,

. Dtamiter ... 3/8 -1/2.. 3/4 1 15/16 1 345 1 716 1,1/4- . 2 1/8 i' '- 2 1/2 I

. , . .
1 . 4- ,

.

204 . i, 304 404 1'505 .... 606 r' 807 41- 811) 1 1611, i 12.ri
11:i . . ,

'
.

Key j :309. 405 j 506 607_ ,. Ef08 811 1012 ' '1Zq.
t

-
--'.

__i.

P 44

Numbers. t.

. . j
I I,

_

40t i 507. 608 v. 869 812
, 1 609 1...; ' .. .. "' ' '1e , I

..
. .

, 4 . IP
4 'Suggeled sazes

t
,.not standar ., . . . 4ter .

..
a ". 7\ ..

. . *. .. . .
a' ' s; . 3

0 . .. . -. ...'", ... -
,-.--'' '' `...

-

.lr
,

;

a.-

(..

.1,
k !..3 -- 4 ---

...

s ..:. , SK, .. ... . 1 -.
.

-... . 1
,

_.-

- ..; . .. . E

. . . . se

_...- e'. k 'r ,
. '

.I'
.,' .' - TAS Li; 6-Ci, .

, .... ,-,- . . ,..

Keys Square Plat Pl .rIn Tot)e..fao,c.d.t)i Meild
sr.

- . :..._ s ...

6. ., ili. 3P
-. .s- *

..:

- . ,
v

'`:.:- 4t1..
* .' ., - *WOE

<. - _ r .if. .

'
. .

,. i .
, .

.-

4, a r ." , ' . .t * . 411,4.,

, # , .
_ ' r

6.

! ..4 .
ja, t

IW . *
Shaft 4 -

tDiameters

. ' ii .

,..
,:.. 4

ql.lcife
Sitti,i-

4 Key

'` .

I

Flat tocic t--
Ke?-

* ': -.11.'
. .

:
Go, Head taper Stdck Key. - ^

7

-1-=

Height.'-

. *

Stiii41;e- ,4 .... : Flat

Length

-

Heigh't.
tot

Chamfer
Height Lengttl

....

--
Height

to--

Chamfer

.' D. ' W 11 W H C F - E C F E

. , , ,

1(2 to 9/16 1/8 _1,8 X 3,32 1'4 7/32 5'32 3/16 1/8 118

5/8 to 7/8 3/16 3,16 X 1'/8 5 16 9,32 7/32 144 3/16 5/32
15/16 to 1 1/4 14 - 1/4 X 3 16' 7 16 1132 1132 5/16 1/4 3/16 ,,.

1 5./16 to 1 3/8
.

5,16 '- , 5.16 X 1 4 -9 16-, ,13,32 13/32. 3/8 5/16 1/4.

1 7/16 to 1 3/4 3/8 38 X T 4 11 .16 15,32 1532 7/16 . 3/8 ..,6/16
1 13/16 to 2 1/4 1'2 12 X 3/8 , 78 1932: 5/8' 518 1/2 7116 -
; 5/16 to 2 3/4 5;8 5/8 X 7 16 1 1 16 '23/32 3/4 34 5/8 ' 1/2
r2 7/8 to 3 1/4 34 3,4 X 1 2 1 1 4 718 ' 78 7,8 3/4 .5/8

..

3 3/8"to 3 3/4 7/8 7 8 X.5 8 1 1 2 1 _ 1 1 1/16 7/8 34
3 7/8 to 4 1/2 1 1 X 14 1 3 4 1 3/16 113'16 1 1/4 1 13/16
4 3/4 to 5 1/2 1 1 '4 1 1 I' X 7 8' 2 1 7116 7%16 1 1/2 1 1/4 1

5 34 to 6 1 1 , 2 lik.2 X 1 2 1 '2 1 34 1 3/4 I 1'4 1 1/2s 1 1/4 ]
. ..

'Plain taper square and flat keys have the same dimensions ah,the plain parallel stock kes,s, with the addi
tion of the taper on' top Gel )steacl taper square and flat ktys,b0e the same dimensions as the plain taper

..keys, with the addition of the t7hthead . ,.
Stock lengths for plain taper and gsb head taper keys The minimum stock length eqbals 4W, and the

maximum equals 16W The incrernents of increase of length equal 21t. t; ..

/



0,

.,,
. .....

....
FAS:FE-AVERS AND HARDWXRE'

, .. ' 1
S.

..1 ,.

UNI(T VI- 0 ...", . . 0 -. ..; . ,.. i, - . . .
.... ' 01..

IIP - - I, c
o

ASSIGNMENIT SIIEET #7--WRITE SIDkCIF ICAIIONS ;OR HAROIWeRV L 1-
4

P . ( ' -,tr RPM VENDERCATALOPS , 4: , -:',' I It' ''' ;., r s'01. - ti:
.' .

. ..---- a-
. . ..

6- . -- ...I . , . .,:.

'Ett'
'''

Directions . lind iliet;hardware items fo4,each 'problem in. vender catalogs. eit lcaraWare.
..

. ..

.,.i .
<7 .

... Fieh as the TAfprial Register. Select a specific size or .typ'e WI- eaccirbblem. Write S Sp& ti:a ...
' xation to iriflude witiAer's name 9.4 addros, coSt.,Thaterial,:and specific.specification (size,, *.; '. -

... Is.. - lenr,-tyVe, etc.) of each h,ardware item selected. 1:ettg'r answei on 'A size vellum con-
,'" --- 'verfirig sheet to a partslist tp include part numbpr, description (vender's name, address;and;

..- speoficatiop), cost'and material. s
..

4. a

PfCt Veit*:..
-,.

A. Compression spring
-0

'
B. fgnsian spring

MD 489

C. *woodrufi key

D. Internal tooth washer

. E. Dart-type spring clip

F. Spring washeyb control end pressure

0

G. Hook lock fastener--quick operating
,

H. Weld nut

z

.4
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a

1. Match the terms en lie right with the correct definitions.

a. Head having a slot centered across the top 1, Fastener

b. Fastener having high tensile and shear
2. Keys

strength 3. Finished fas.tener

High strengthc. Thread on the inside of a hole 4.
fastener

d. Thread -haVing one start,, and the lead isi 5. Semi-finished
equal to the pitch fastener

6. Hardwaree. Least amount of drawing information neces-
sary to convey information without confusiOn 7. Unfinished fastener

S., Slotted headf., Chemical bonding between-parts

9. Recessed heed.g: Mechanical device for holding two or more
parts in a set position 1'0. Nuts

11. Screw thread_ formh. Fastener with ,wide tolerances and all surfaces
in their formed conditions t2. , Schematib dreads

i. Heid having a specially formed indentation 13. Simplified threads
centered in its top

14.. Detailed threads
j. Fastener made to close tolerance having a 15. 0-9in-gshigh grade finish

16. Extprnal thread
k. Advances when turned clockwise

17: Internalciread
I. Distance a screw travels in one rotation 18. Retaining ring

m. Close approximation to actual appearance 19. Lead

n. More detailed than%simplified but faster 20. Series of thread
to draw' than detailed threads

21. Single thread

o. Fastener' made with greater to4erances than a 22. Multiple threads
finished fastener and having only the bearing

23. -Pinssurface and threads finished

p."-PrOfile of the,thread 24. Springs
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v

,

#

.

I

1

, , ...- ,

. ,,..- q. Thread on' the outside of a shaft 25, Right hand thread

.

i
r. Number of threads per inch based on standard 26. Left hand threpd

nominal diameters ,

_
27: Welding

s. Thread having multiple starts, and the lead is
equal to a multiple of the pitch

28. Washers

t. Joining parts by melting base metal to f a
29. Adhesive

. unit structure-to support loads

u. ,Advances when turned countercloc

v. Small parts such as fasteners, springs
. ,

washers

w. Used for storage of mechanicalsenergy
..

x. Used to attach wheels, _pulleys, and gars
.> to shafts

I-

cs)

y. Designed to insulate, lubricate, spa large

holes, and distribute stress:over a larg riarea

z. Designed for fastening, adjusting, a rans-

, mitting motion or power
;

saa. Designed for semi-permanent attach 6nt or -
1 .

location

bb. Used to seal along a.shaft

cc. Has a removable shoulder to dcurately
retain, locate, or lock componen s in bases

..

and housings or on shafts - -

,
2. Na,me two general types of fasteners.

'

a.

b.

,

3. Name three basic applications'of screw threads.

' a.

b.

C.

-

I

*

1
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4.

Identify screw thread nomenclature.'

a.

d.

b.

e..

9. h.

5. Identify screw thread profiles.

a.

d.

c.

f.

b. c.

e.

3 fi

f.
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6. Compute lead of thread for the following problems.

a. Single thread, 10 threads per inch .L =

'b. , Double thread18 threads per inch- t. =
.........--

c. Triple thread, 24 threads per inch

7. Identify screw thread symbols.
.

a.

9111011111411

41111111111111111

/dYhtd

II

elk

1

S..

0



8. Match classes of fit for unified threads on the right with the correct uses.

a. For general purposes and most common uses 1. Classes 1A and 1B

b. For close tolerance screw thread 2. Classes2A and 2B

.c. For parts that are easy io asserbble; ordinance.

and other special uses; quick assembly

3. Classes 3A and 3B

9: List two classes Of fit for metricVreads.

b.

10. Identify parts of thread notes. Li

MD - 495

a.

c.

g.

a. b. c, d.;' e.

7 9 NC*-2 LH -1.00 DEEP

f, 9. h. i. j.

NI 6 4.3 1 64I-1

b.

d..
f.

h.

j.

4'411. Distinguish between conventional representations of pipe threads ay placing an X
next to the thread drawn in tchematic and an "0" next to the thread drawn in
simplified.

a.

p. 3" 4

at
b.

0
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12. _List four types of threaded removable fasteners.

a.

13. Name two shapes of bolts and nuts.

a.

b.

14. Select types of locknuts and locking devices by placing an "X" in the-appropriate
blanks.

a. Fillister head

.b..Cotter pin

c. Set screw

d. Fluted socket

e. Welding

f. Hex sloVed nut

15. Name four types of stanglard cap screws.

a.

b.

C.

d.

16. Co'mplete the following list of types of machine screws.

a. Round head

e b.

c. Oval head

d. FilHster head



v
. 4

17. Identify set screw heads and points.

a. b.

18. Identify miscellaneous bolts and screws.

a..

e.-

'

.,
19. Identify standard large and small rivets.

.. .

Large, rivets.

a. b.

i

MD - 497 .

c. d.

b.

f.

i
C,

VWitV

Small rivets

c. d.

20. Match conventidnal rivet symbols on the right with the Correct identifications.

1

a. Field rivet-Two full heads

b. Shop rivet--Countersunk and chipped; far
side_

c. Shop rivet--Flattened to 1/4", 1/2" and
5/8" rivets; far side.

d. Field rivet--Countersunk; near side

e. Field rivet--Countersunk; both sides

3 ( . r ,
. ...... ,.....

.
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21- List three advantages of plastic fasteners over metal fasteners.
i

a.

b.

C.

1

-
. ).

,

22. Select devices to lock components on a shaft by placing an 14)<" in the appropriate
blanks.

a. Woodruff key

.0 b. Cleavage pin

. C. Cotter key
,

d. Joggle clamp

23. List three types of springs.

a

b

C.

24. Idevify types of springs accOrding to notes anddimension.
. .

th

IV

- Length
- - Pitch

Free Length

)
i d

OD

I

Dia
of Wire

Types
of End

a. b.

25. qame two types of spriiig dips.

a.

b.

- Free Length

Pitch

,

1D OD

1

-

11,

,
4

,
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26. Select types of keys to prevent relative motion between wheel and shaft by placing
an "X" in the appropriate blanks.

a. Flat

b. Square

c. Knurlet

d. Torsion

e. Dart-type

f. Wobdruff

27. Identify types of machine pins.

a.

It 0

c. GI?

28, Select true statements concerning washers by plating an "X" in the appropriate blanks.

a. Conical washers have spring action

b. Spring washers have built-in pressure

c. Tooth lock washers are used mainly for bearing surface

d. Helical spring washers are locking

MD 499

!.
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i

29. List two applications of insetrts.
.......
a.

b.

..

30. Distinguish between types of lock washers by placing an riext to the helical
spring washers and an "0" next to the tooth lock washers.

a. Plain
,

b. Dome

External

d. Countersunk
..

_ e. Non link positive

f. Dished

31. Name two uses for spring washer designs. /

a.

b.

_

32. Identify quick open ng and locking devices.

t

a.

1

to ,

4,

/

r

a
r

,

. ,c
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33. Match the miscellaneous machine elements on the right with the correct uses.
_

. a. To allow faitening with fingers 1. Quick release pins/
, ./ . ....

2. Projection weldb. To weld studs to a surface
fasteneei-

0

c. To, 'rapidly assemble and disassemble- ()arts .31 Spot weld fasteners, ...
d. To prevent tota/ion of nuts 4. Stud welded

fffteners
e. To weld nuts to a surface

- 5. self-tapping sAws', .
f, To preverit,leiks at joints 6. Captive nut;

-

_____
,

.g. To cut mating thread in metal or plastic 7. Wing nuts

' .
34. Name four advantages of welding over threaded fasteners.

d.

,

,.

,

,

35. Identify types of welded joints.
.

a.

-

b.

lhaft......
C. d.

A
- L., ,..,

..

...

..



. .502- )
->-

4 a ,
36. Label parts of a welding symbol.

a

'4
0

b ,
A

..

a

f

(

4

,.

37. Identify basic arc and gas weld symbols.
.

a.

J
c. d.

38. Identn supplementary welding symbols.

a. b.

-Olt

11 p I 4
. t, , it.

,

I

,
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39. Determine welding dimensions for the following fillet weld.

a

40. Identify resistance welding symbols.

a. b.

41. Name two classifications of methods of using adhesives for bonding materials.-
_

.a.

b.

42. List two joint design considerations for adhesive bonding.

a.

b.

43. Select joint desions for adhesive bonding by placing an ")c" in the appropriate blanks.

a. Lap joint I

b. Joggle joint

c. Resistance joint

d. Corner joint

e. Simplifie'd joint

44. Demonstrate the ability to:

a. Construct thread symbo1g.

b. Construct bohs, icrews, and nuts.

4.
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c. Construct an assembly containing various fasteners.

d. Construct a welded assembly drawing.

e. Construct spring drawings to include specifications.

f. Construct eys in assembled positions.

g. Write,,sp ifications for hardware from vender catalogs.

FNO If these acti;ities have not been 'accomplished prior to the tr, ask
-your structoi when they shouifi be completed.)

11.

t'

Ne.

a



FASTENERS AID HARDWARE
UNIT VI

- ANSWERS TO TEST

8 i. 9 p. 1,1 w. 24
4 j. 3 q: 16 x,, 2
17 k. 25 r.' 20 y. 28
21 I. 19 .s.. 22 10
13 rn. 14 t. 27 aa. 23
29 n. 12 u. 26 bb. 15
1 o. 5 v, 6 cc. 18

.7

2. a. Removable
b. Permanent

3. a. Holding parts together
b. Adjustment
c. Power transmission

4. a. De_pth
b. Crest
c. Root
d. Side
e. Minor diameter
f. eitch diameter
g. Major diameter
h. Pitch
i. Thread angle

5. a. Sharp V
b. American National
c. Unified
d. Square
e. Acmq
f. Whitworth Standard
g. Metric
h. Knuckle

Bpttress

6. a. L = 1/10
b. L = 2/18 = 1/9
c. L = 3/24 = 1/8

7. a. Detailed
b. Schematic
c. Simplified

8. a. 2
**IL b. 3

c. 1

9. a. Coarse
b. Fine

MD 505
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10. a. Major diameter
I?. Threads per inch
c. Class of fit

: d. Left hand
e. Thread depth
f. Metric
g. Major diameter in mm
h. Pitch in mm
i. Class of fit
j. Internal thread

11. a. d
b. X

12. Any four of the folldwing:

Bolts
Studs

c. Cap screws
d. Machine screws
.e. Set screws

13. a. Hexagon head
b. SqUare head

14. b, c, f

15. Any four of the following:

a. Hexagon head
ass

b. Flat head
c. Roundhead
d. Fillister head
e. Hex socket head 4

16. b. Flat head

17. a. Flat point
b. Hex socket head
c. Full dog point
d. Half dog point

18. a. Eye bolt
b. Step bolt
e. Square neck bolt
d. Cleyis
e. Wing nut
f. Tapping screw

19. a. Button head
b. Cone head
c. Countersunk head
d. Button head



20. a. 4
b. 2
C. 5
d.' 1

e. 3

21. Any three of the ftillowing:

a. Lightweight
b.. Thermal and electrical insulators
c. Corrosion resistant
d. Easy to color

.22.4 a,c

23. Any three of the following:

a. Compression
b. Flat
c. Extension
d. Torsion

24. a. Extension
b. Compression

25. *Any two of'the following:
.10

a. Spring molding
b. Stud receivet
c. Cable, wire, and tube
d. Dart-type
e. U-shaped, S-shaped, and C-shaped

t
26. a, b, f

27. a. Clevis
b. Drive
c. Knurled
d. Cotter

28. a, b, d

29. Any two of the folio ng:

In light alloy..s and plastics for higher strength
In ferrous alloys for permanent threads

c. In thin parts for internal locking y threaded holes
d. In reassembly of m g screw withOut damage to Metal

30. a. X
b. 0
C. 0

d. 0
e. X
f. 0

M D. 507
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31. Any two of the following:

a. Provide pressure on adjacent ports
b. Act as take-up devices inen asidmbly
c. Control end pressure
d. Eliminate end play

P

32. a. Link lock
b, Hinge' lock

33. a. 7 e. 2 '
) b. 3 f. 4 ,

'..,..... 1 9. 5

34. Any fOur otthe following:

a. Fast and relatively slmr5le process
b. Savings in- time and expense

lc. Less weight than casting or forged part in most cases
' d. Neater appearance
e. Less noisy

Painting simplified
g. Small quantit* jobs

35. a. Butt
b.- Lap
c. Corner
d.. Edge

,36. a. Finish symbol
b. Size or strength for resistance welds
c. Basic weld symbol .
d. Weld-all-around symbol
e. Field weld symbol
f. Pitch of welds
g. Groove angle

37. a. Fillet
b. Plug or slot
c. J groove
d. Square groove

38. a. Weld-all-ar'ound
b. 4ponvex contour

39.

1 5

6



40. a. Resistance seam
b: Flash or upset

..
41. Any two of the fo1lowing: .

a. F unctional
b. Chemical
c. Method of application
d. Nature of properties

A

MD,- 509

42. a. Consider type of stresses on bonded joint
.

b. Use as large of contact areas as possible for maximum strength
1

43. a, b, d ,

\44. Evaluated to the satisfaction of the instructor

4

. . v

..

1

.

4

...

a

,

I

.. r

i"



PRESENTATION D'RAWINGS .

UNIT VII

e.

UNIT OBJEerIVE

After completion of this unit, the student,should be able to sketch and draw presentation
drawings. This knowledge will be evidepced by correetly performing the procedures outlined
in the assignment sheets and by scoring 85 percent on the unit test,

(NOTE: Students should reView "Axonometrics," "Oblique," and "Perspective" of Basic
Drafting, Book Two before attempting this unit.)

SPECIFIC OBJECTIVES

After completion of this unit, the student should be able to:"

1. Match terms related to presentation drawings with the correct definitions,

2. Name three types of, presentation sketches.

3. Arrange in order the steps of sketching.

4. Seledtrue statements cdncerning ellipse construction.

5. tist places where presentation drawings are found.

6. Complete a list of shading teéhniques for presentation drawings.

7. Distinguish between the types of axonometric drawings.

8. Select true statements concerning obliqUe drawings.

9. Match parts of exploded assembly presentation drawings with the correct uses.

10. Select special requirements for patent drawings.

11. Derrionstrate the ability to:

a. Shade pictorials.

b. Construct conceptual presentation sketches.

c. Construct design sketches.

d. Construct a dimetric presentation drawing.

e. Construct an oblique presentation drawing.

f. Construct a two point presentation perspective of an object.

9. Construct an exploded assembly presenlatia drawing.

MD - 511
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PRESENTATION DRAWINGS
UNIT VII

SUGGESTED ACTIVITIES

.....;"'
I. Provide students with objective sheet.

II. Provide students with information and assignment sheets.

III. Make transparencies.

I V. Discuss unit and specific objectives.
1

V. Discuss information and assignment sheets.
Al

MD 513

I.

VI. Suggest alternate pioblems for use it Assignment Sheet #1.

VII. Allow students to select projects they have an interest, in for the conceptual
sketches.

VIII. Allow students to show and discuss their ideas in front of the class. 4

i X. Several solutions could !De submitted for each problem by each student in Assign-
ment Sheet #2.

.
I

X. Have students discuss advantages and disadvantages of each problem in Assign-
ment Sheet #2

XI. Recrnmend that students work in teams and trace other students' parts for the
exploded assembly. This will allow larger projects to be completed if time is a
problem.

A

0

XII. Impose a time limit to force students to think fast and draw fast.

XIII. Have students construct three point perspectives after they have constructed two
point perspectives.

XIV. Have students select problems for Assignment Sheet #7 from past set of assembly
drawings. .

XV. Give test.

INSTRUCTIONAL MATERIALS

I. Included in this unite

A. Objective sheet

P. Information sheet

..

-

I

/
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C. Transparency masters

1. TM 1Freduction Ratios

2. TM 2Sketching Order

2A--Overlay

2B--Overlay

3. TM 3Ellipses

4. TM 4--Catalog Presentation Drawin

5. TM 5--Sales Literature Presentatiof Drawings

6. TM 6Technical Repo,tresentatjon Drawings

7. TM7--Shades and Shadows

8. TM 8Shades and Shadows (Continued)

9. TM 9Shades and Shadows (Crntinued)

10. VV110Axonometric Drawings

11. TM 11Oblique Drawin6s

12. TM 12--Leaders and Overlapping Parts

13. TM 13--Exploded Assembly Drawing

14. TM 14Exploded Assembly Drawing (Continued)

15. TM 15--Patent Drawing

.D. Assignment sheets

1. Assignment Sheet #1--Shade Pictorials

2. Assignment Sheet #2--Construct Conceptual Presettation Sketches

3. Assignment Sheet #3Construct Design Sketches

4. Assignment Sheet 44cOnstruct a Dimetric Presentation Drawing

5. Assignment Sheet #5Construct an Oblique Presentation Drawing

6. Assignment Sheet #6Construct a Two point Presentation Perspecti;le,
of an Object

7. Assignment Sheet #7Construct an Exploded Aisemt?ly Presentation
Drawing

E. Test

F. Answers to test -

I I
A
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I I. References:

A. Giesecke, Frederick E., et al. Technical Drawing. New York, 10022: Mac-
millan Publishing Co., Inc., 1980.

B. Thomas. TA. Technical Illustration. New York: McGraw-Hill Book Co.,
1972.

C. Spence, William P. Drafting Technology and Practice. Peoria, I L 61614.
Charles A. Bennett Co.., Inc.

D. Hoelscher, R. P., Clifford Springer, and Richard Pohle. Industrial Production.
Illustration. New York: McGraw-Hill Book Co., 1946.

(NOTE: This book is out of print and may be difficult to find.).
1

E. Guide for Patent Draftsmen. Washington, D.C.: U.S. Department of Com-
merce, Patent and Trademark Office.

(NOTE: 'This can be purchased from the Superintendent of Documents, U.S.
Government Printing Office, Waihington, D.C. 20402.)

F. The Kodak Compass. Eastman Kodak Company, Rochester, NY 14650.
't
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PRESENTATION DRAWINGS
UNIT VII -

INFORMATION SHEET

I. Terms and definitions

A. Freehand ,technical sketching--Freehand drawing Of technical ideas without
instrUments

B. Conceptual sketches-Recording and communicating technical ideas that
are in the process of dev6lopment

C. Design sketches--Carefully drawn sketches prepared to be given to someone
else to make detail drawings

Presentation sketch or drawing--Sketch, mechanical- drawing, or rendering
designed to illustrate a technical subject and help sell or clarify its idea to a
client

E. Pictorial drawing-Three dimensional drawing in axonometric, oblique, or
perspective to imitate a picture of an object

F. Shading-Simple exteior embellishments utilizing light effects to enhance
thb pictorial Ailalities 6f an object

G. Exploded assembly drawing-grawing showing all parts in relationship
with each other and how they fit together

H. Photodrafting--A simplified drafting technique to reduce drafting time
that combines photographs and line drawing on a standard sheet layout

I. Paste-up drafting--A simplified drafting technique in which drawing segments
'are pasted or typed in position on a drawing form and photographically
reproduced

J. Patent drafting-Drawing an invention
to convey the correct interpretation

Airbrushing--A method of touching up
line drawings by blowing ink or paint
the drawing

L. Reduction ratios--To reduce a drawing
parency 1)

II. Types of presentation sketches

0 A.

B,

C.

Conceptual

Design

Presentation

in pictorial and explanatory form

photographs and adding shading to
pigments through an air cap onto

proportionally using a ratio (Trans-

MD 517
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%

- INFORMATION SHEET

, .I II. Steps of sketching (Transparency 2)

,.,
A. Sketch light construction of an enclosing box or cytinder in proportion

Example;

%

-

B. Block in object proportionately with light construction lines

Example:

A, 91 i

-

,

,

r,



AI.

,

.............:3....

t.
vs M D - 519

k

e

%

-

I

4 INFORMATION SHEET

.
C. Clean up unnecessary construction lines with an eraser and darken final

visible lines

Example:

IV. Ellipse constructien (Transparency 3)

A. On horizontal (top) plane, major axis is horizontar

Example:

i

B. On right side plane, major axis is 600 from horizontal

Example:

s

-

,

4 1 .....

A -I

Major Axis

Major Axis

-

4.
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44.

INFORMATION SHEET

0?

C. On left side plane, major axis is 600 from horizontal

:Example:

. ,

.

.. Diameter of circle is boxed it], and elfipse is sketched

Example:

..

,

41 II. 4.) -
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INFORMATION SHEET

E. 'Perpendicular bisector of each side of box is found and drawn mechanically
with straight edge and compass

V Places where presentation drawings are fowd (Transparencies 4, 5, anh)
A. Catalogs

B. Sales literature

C. Proposals

D. Technical reports

E. Patents.

F. Parts books

yl. Shading techniques for presentation drawings (Transparencies 7, 8, and 9)
.../

A. Lines

B. Dots-stippling

C. Smudge

D. Transfer sheets

E. Air brush

F. Shadows

.. ..., I

o

1

VI

t't

MD 521_
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INFORMATION SHEET

VII. Types of axonometric drawings (Transparency 10)

A. I someiic

1. Width, height, and depth on equal scale

2. All angles are equal

3. 1200 between axes

B. Dimetric

1. Width and height full scale

2. Two angles are equal

3. Two dimensions are equal

C. Trimetric

1. Width, height, and depth are unequal

2.
.

All axes are at different angles

3. All angles are unequal

4. Dimensions are unequal

VIII. Oblique drawings (Transparency 11)

A. Cavalier--True length on all axes .

B. Cabinet-Half scale on depth axis

C. General--Depth axis at any scale (
(NOTE: Circular view iOnormally drawn in front view--true size View.)

IX. Parts of exploded assembly presentation drawings and uses (Transparencies 12,
13, and 14)

/

i

,

A. Methods of identification of parts

.1i.
1. Numbers-Used if tied to parts list

..

2. Part names-Used if immediate identification is important

(NOTE: Either method may be used on.exploded assembly presentation
drawings. If the numbers method is used, there must be a corresponding
parts list.)

<I ) 111 1 .

,
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INFORMATION SHEET

B. Flow lines-Indicate where parts fit

C. Shading--Used to differentiate one part from another

D. Standard hardware--Can be duplicated and pasted up on drawing to save
time

E. Axis--Should be in natural position rather than iust to fit the paper

F. Parts list-(PL)--Should be on same sheet directly above title block

G. Overlapping partsLines in front take precedence over lines in back byl
gapping back lines for front lines

(NOTE: For best results drawing should be inked and reduced for final
copy.)

X. Special requirements for patent drawings (Transparency 15)

Draw mechanically correct to help understand the invention

B. Do not dimension or detail as working drawings

C. Illustrate each clainr

D. Omit center lines and notes

E. Draw in India-ink or equivalent

F. Use heavy, smooth, white paper 8 1/2 by 14" (21.6 by 35.6 cm) or 21.0 by
29.7 cm (DIN size A4); two ply or three ply briStol board is preferred

G'. Line shade and surface shade to improve readability

gio
SS
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Ellipse Orientation

Sketch Box

A

Florizontal

-

4 Point
Approximate Ellipse

VA

1

Perpendicular Bisectors .

111 of each side

I

t-

MD 533

il 1 '
.... ..... I . TM 3



MD - 535

Catalog Presentation Drawing
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Sales Literature Presentation Drawing
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e 0 Technical Report Presentation Drawing

1
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Axonometric Drawrgs
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Dimetric
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OX = OY = OZ

La = Lc
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Exploded Assembly Drawing
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Exploded Assembly Drawing
(Continued)
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Patent Drawing
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3.623,744
COLLAPSIBLE TRAILER APPARATUS

Mehin C. 'fieriness, Santa Croi, and Arnold E. Lyle,
Capitula, both of Calif., assignors to Bermaco Enterprises,
San Jose, Calif.

Filed Dec. I 1, 1969, Ser. 'So. 884,240
Int. Cl. B62d 231M

L.S. CI. 280 106
-

12 Claims

222,660
ELECTRIC SCISSORS

John K. Miles, Columbus, Ind., and Jack F. Baker, Glen-
' Niew, Ill., assignors to Arvin Industries, Inc., Columbus,

Ind. ,......---
Filed Aug. 12, 1970, Ser. No. 24,433

Term of patent 14 years
Int. Cl. D8-03

U.S. Cl. D8-61
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1
PRESENTATION DRAWINGS

UNIT VII

ASSIGNivlENT SHEIT #1,--SHDE PICTORIALS

.
Directions. On "B" size vellum or other media selected by instruCtor, construct an isometric
drawing of one of ihe problems below to appropriate kale using.pencil or ink. Make four
qu'ality blueline prints, and shade each blueline print using a different shading technique..

'(NOTE These techniques are outlined in the information Sheet, and include lines, stipples,
and smudging.)

Shade the oiiginal drawing using the best shading technique on the prints. Make a blueline
, print of the completed drawing, and turri in all blueline prints to instructor.

Problems:

(NOTE: Your instructor may Wish to assign an alternate problem.)
/6

A.

P.

1 06

.513 DIA .75 CBORE
.44 DEEP

LOCATOR

50 DIA

4.12 2.40
2.62 .75 4175-0h1.24-r1

2.00

1.00

1.41.124-f-

1.25

1.2
. CENTER BRACKET
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PRESENTATION DRAWINGS
UNIrVII

ASSIGNMENT SHEET #2--CONSTRUCT CONCEPTUAL PRESENTATION SKETCHES

o

Directions. On "A" size vellum or other media selected by instructor, construct conceptual
1<etches of one of the problems below to include the following 1) applicable dimensions

and notes, 2) parts identification, and 3) shape description.

Problems:

(NOTE: Your instructor may wish to assign an alternate problem.)

A. Design safety or security devices for fire or theft to help save lives and prevent injury
..

B. Design a hew or improved educational aid for your instructor

C. Design an improvement in vehicle'transportation or racing ...

D. Design a home improvement product

MIS

.411

41 4 _PA

41111111.1"

,

..
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PRESENTATION DRAWINGS
UNIT VII

ASSIGNMENT SHEET #3--CONSTRUCT IYESIGN SKETCHES

MD 563

Directions Using two sheets of "A" size vellum or other media selected by instructor,
construct design sketches of two parts for one of the problems below or a problem from
Assignment Sheet #2 to include the following- 1) shape description such as multiview
and/or pictorial, 2) estimated sze dimensions and notes, and 31, estimated material specifica-
tions

(NOTE: Make sketches complete enough so a drafter can make detailed drawings.)

Problems:

(NOTE Yebr instructor may wish to assign an alternate problem.)

A. B.

I.
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PRESENTATION DRAWINGS'
UNIT VII

4111111..

4

ASSIGNMENT SHEET #4--CONSTRUCT A DIMETNIC PRESENTATION DRAWiNG

Directions: On "B" size vellum or other media selected by instructor, construct a dimetric
drawing of ctIne of the problems from Assignment Sheet #1 to appropriate scale using pencil
or ink. You will need to select your own dimetric axis. Make two quality blueline prints,
aria shade.each dimetric print with a differept type of shading. Shade original dimetric with
best shading, and turn in bluetine prints and original to instructor.

(NOTE: Your insiructor may wish to assign an alternate problem.)

ogle



PRESENTATION DRAWINGS
UNIT Vli

MD 567

ASSIGNMENT SHEET #5--CONSTRUCT AN OBLIQUE PRE'SENTATION DRAWING

Directions: On "B" size vellum or other media selected by instructor, construct an oblique
drawing of one of the problems from Assignment Sheet #1 to appropriate scale using
pencil or ink: You vgjll need, to select your type 'of oblique such as cavalier, cabinet, or
general. Make two quality blueline prints of your oblique, and shade oblique prints with
different types of shading. $hade original with best shading, and turn in blueline prints and
original to instructor.

(NOTE. Your instructor may wish to assign an alternate problem.)

mei
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PRESENTATION DRAWINGS
UNIT VII

^

a
ASSIGNMENT SHEET #6- CONSTRUCT A TWO POINT PRESENTATION

PE kPECTIVE OF AN OBJECT
,

Directions: On "B" size vellum or other media selected by instructor, construct a two
point perspective of one of the problems from Assignment Sheet #1 to appropriate scale
using pencil or ink. You will need to select your own vanishing a d station points. Make two
quality blueline pnnts, and shade each perspective print with diffe nt type of shading.
Shade original with best shading, and turn in blueline print and or inal to instructor.

(NOTE: Your instructor may wish to assign an alternate problem.)

/

0

..

)

\



PRESENTATION DRAWINGS
UNIT VII

ASSIGNMENT SHEET.#7--CONSTRUCT AN EXPLODED ASSEMBLY
PRESENTATION DRAWING

Directions: On "D" size vellum or other media selected by instructor, construct an exploded
assembly drawing of a problem-assigned by instructor to scale using pencil or ink as instruc-
ted to include the following: 1) selected shading, 2) parts identifications, 3) parts list, and
4) flOw lines. You will need to select appropriate scale and the type of pictorial (axono-
metric, oblique, or perspective) you wish to draw. Make a blueline print of your completed
drawing, and turn in blueline print and original to instructor.

(NOTE: You may be divided into teams to work on a large problem.)

411k

MD - 571



PRESENTATION DRAWIN-GS
UNIT VI V.

NAME

TEST

MD 573

1. Match the terms on th\right with the correct definitions.

a. Simple exterior embellishments utilizing light
effects to enhance the pictorial qualities of an
object

4
Sketch, mechanical drawing, or rendering
tlesigned to illustrate a technical subject
and help sell or clarify its idea to a client

Freehand dra4ing of technical ideas without
instruments

,r

d. Carefully drawn sketches prepared to be
given to someone else to make detail drawings

e. Drawihg showing all parts in relationship
with each other and how they fit together

if. Recording and communicating technical deas
that are in the process of development

g. Three_ dimensional drawing in axonometric,
oblique, or perspective to imitate a picture of
an object

h. A simplified drafting technique to reduce
drafting time that combines photographs
and line drawing on a standard sheet layout

i. A simplified drafting technique in which
drawing segments are pasted or typed in
position on a drawing form and phOtographi-,
cally reproduced

J. Drawing an invention in pictorial and explana-
tory form to convey the correct interpreta-
tion

k. A method of touching up photographs and
adding shading to line drawings ,.by blowing
ink or paint pigments through an air cap
onto the drawing

I. To reduce a drawirig proportiopfilly using
a ratio

1. Freehand technical
sketching

2. Phot;draftihg

3. Conceptual sketches

4. Reduction ratios

5. Design sketches

6. Presentation
sketch or drawing

7, Airbrushing

8. Pictorial drawing

9. Shading

10. P rafting

11. ..,Exploded assembly
drawing

12. Patent drafting
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2. Name three types of presentation sketches.

a.

b.

c.

r .,

3. Arrange in order the following steps of sketching by placing the correct sequence
number's in the appropriate blanks%

a. Block in object proportionately wit light construction lines
I

b. Clean up unnecessary construction lines with an eraser and darken final
, . .

visible lines

c. Sketch light construction of in enclosing box or cylinder in proportion

4. Select true statements concerning ellipse construction by placing an "X" in the appro-
priate blanks.

a. On horizontal plane, major axis is horizontal

b. On right side plane, major axis is 60erfrom horizontal

c. On left side plane, major axis is 45° from horizontal

d. Diameter of circle is boxed in, and ellipse is sketched

e. 450 bisector of each side of box is found and drawn mechanics with
straight edge and compass

5. List three places where presentation drawings are found.

a.

b.

C.

6. Complete the following list of shading techniques for presentation drawings.

a. Smudge

0
b. Transfer sheets

c. Shadows

d.

e,

f.

--

,

.6
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7. Distinguish between the types of axonometric drawings 1y placing an "1" next to
the characteristics of isometric, a "D" next to the characteristic of dimetric, and a
next to the characteristic of trimetric.

a. 1200 between axes

b. All angles are unequal

c. All axes are at different angles

d. Two angles are equal

e. All angles are equal

f., Width and height full scale

g. Width, height, and depth are unequal

8. Select true statements concerning oblique drawings by placing an "X" in the appro-
'priate blanks.

a. Cabinet obliques are draWn half scale on the depth axis

k General obliques can be drawn full scale on the depth axis or other scales -

c. Cavalier obliques are drawn half scale on the depth axis

9. Match the parts of exploded assembly presentation drawings on the right with the
correct uses.

a. Used to differentiatillone part from' another 1. Numbers -

b. Should be- on same sheet directly above 2. Part names
title block .

3. Flow lines'
c. Used if tied to parts list

4. Shading
d. Can be duplicated and pasted up on drawing

to save time 5. Standard hardware

e. Indicate where parts fit 6. Axii

f. Lines in front take precedence over lines 7. Parts list
in back by gapping back lines for front
lines , 8. Overlapping parts

g. Used if immediate identification is important

h. Should be in natural position rather than
just to fit the paper
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10. 5elect special requirements for patent drawings by placing an "X" in the appropriate
'blanks.

a. Draw mechanically correct to help understand the invention.

b. Dimension and detail as working drawings

t. llfustrate each claim

d. Use center lines and notes-

e. Use poster paper 4" by 5"
1

f. Line shade and surface shade to improve readability

g. Draw in pencil so changes can be made

'11. Demonstrate the ability to:

a. thade pictOrials.

Construct conceptual presentation sketches.

c. Constauct designsketches.

, ConstrOct a dimetric presentation drawing.
, ,...

e. tonstruct an oblique preserftation drawing.

. f. Construct a two point presentation perspective of an object.

g. Clonstruct an exploded assembly presentation drawing.

.(NOTE: if these Activities hte noj been accomPlished prior to the teiCask
your jnstwctor when they shoffid be completedl-'

'4,01,

s .1
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PRESENTATION DRAWINGS
UNIT VII

(

ANSWERS TO TEST

1. a. 9. e. 11 i. 10
b.' 6 f. 3 j. 12
c. 1 8 k. 7
d. 5 h. 2 ' I. 4

.

2. .e

l
donceptual

io Design
c. Presentation

3. a. 2
LC 3 ,
C. 1

1

4. a, b, d
,-

5. Any three of the fol wing:
a. Catalogs

.. b. SalesAiterature
c. Próposals'
d. Technical repor
e. patents
f. Parts books

6. d. Lines
-

e. Dots-stippling
f. Air brush

8.

9.

GI

a.

b.

I

T
C. T

Ift
g.

a, b

a. .

I

D
T

4 e. 3
b. 7 . f. 8
c.
d.

1

5
g.

h.
2,
6

10. a, c, f

- .

.,

11. Evaluated to the satisfaction of the instructor

-

,

,
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..

0 e

*

,

..
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MATERIALS AND SPECIFICAT ONS ,
UNIT VIII

UNIT OBJECTIVE

After completion of this unit, the student should be able to specify materials and write
specifications for working drawings to include materials, heat treatment, and standard
shapes. This knowledge will be evidenc by correctly performing the procedures outlined
in the assignment sheets and by scoring percent on the unit test.

SPECIFIC OBJECTIVES

After completion of this unit, the st'udent should be able to:

1. Match terms related to materials and specifications with- the correct defini-
tions.

2. List specifications sometimes found on mechanical drawings.

3. Match general heat treatments for metals with the correct definitions..f

4. Match surface hardening treatments for metals with the correccdefinitions.

5. Select forms of carbon steel.

6.. Complete a list of categories of pike...based on end use.

7. List three specifications for tubing callouts.

8. Match structural steel shapes-with the correct specifications.

9... List standard mill forms of materials.

10. MatcK metal properties with' the correct definitions.

11. List factors to consider in selecting materials.

12. Distinguish between physical and manufacturing characteristics of metals.

13. Complete a list of types and kinds of ferrous manuircturing metals.

14. Identify parts of the steel numhering system.

15. Select primary cqprier.stype-rnetaals.

.16. Match the desigreations of condition of aluminum with the cdrrect definitions.

11, Distinguish between adva ntages and disadvantages of aluminum.

18. Distinguish between advantages and disadvanta-ges of zinc.



580

19. Distinguish between types of plastic thaterials.

20. Distiniuish between advantages and disadvantages of plastics.

21. Match refractory materials with the correct uses.

22. Demonstrate the ability to:

a. Determine wire and sheet metal sire from gage number.

b. Select materials from a materials stock bOok.

tl

C-

,

4

4:

e
I

o

os
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MATERIALS AND SPECIFICATIONS
UNIT VIII

-SUGGESTED ACTIVITIES

I. Provide student with objective sheet.

, II. Provide student with information and assignment sheets.

I I. Make transparendes.

IV. Discuss unit and specific objectives.

V. Discuss information and assignment sheets.

VI. Have students look through ASM's Metals Handbook and SME's Tool and Manufac-
turing Handbook to see the full depth of this subject.

'VII. Take a field trip to a smelter, foundry or other metal Rreducinkplant.

VIII. Take a lield trip to a metal fabricatoito observe _stock materials in the as received
COndition,

46Upir
IX. test.

_ _

INSTRUCTIONAL MATERIALS

I. InclUded in this unit:

A. Objective sheet

B. 1nformation sheet

C. .Transparency mastert

1. 'TM 1--Metal Properties

2.- TM 2--Steel Numbering System
Nib

,

3. TM 3Aluminum Alloy Numt0ering System

4. TM 4--Aluminprn Classification System

D. Test"

E. Answers to test

Referpnces: .

A. Mtals Handbook. American -Society for Metals,liletals Park, Ohio. 198d..

B. Tool and Manufacturing Handbook. 3rd ed. Sociiety of Manufacturing
0 Engineers. New York: McGraw-Hill Book Co., 1976.
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C. Materials Selector Guide, 1980.

D. Chaplin, Jack W. Metal Manufacturing. Bloomington, I L: McKnight Publish-
ing Co., 1976.

E Modern Plastics Encyclopedia. New York: MeGraW-Hill took Co., 1967.

F. The Society of the Plastics Industry, Plastics Engineering. New York: Rein-
hold Publishing Corp., 1960.

G. Shapes and Plates, United States Steel, Pittsburgh, Pennsylvania 15230.

R. Metals Stock List, DucommuA-IvigtaIs Company, P. 0. Box 82356, 2101
South Villa, Oklahoma City, OK 711'08.

I. Ryerson Data Book, Joseph T. Ryerson & Son, Inc., Box 8000-A, Chicago,
IL 60680.

J. Patterson Steel Company Reference Book, Metal Service Center, 801 North
Xanthus, P. 0. Box 2620, Tulsa, OK 74101.

K. Steel Sales Stock List, Steel Sales Corp., 3348 S. Pulaski Rd., Chicago,
I L 60623.

6. Steel and Aluminum Stock List and Reference Book, #76, Earle M. Jorgen-
sen Co., P. 0. Box 1t065, Denver, Colorado 80216.

,

1 /
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MATERIAL6 AND SPECIFICATIONS
UNIT VIII

INFORMATION SHEET

Terms and definitions

A. Toughness--Ability of a metal to resist rough treatment

B. Ductility--Ability of a metal to stretch and flow under pressure without
breaking

C. Machinability--Relative difficulty of machining a metal

D. Ferrous metals--Metals primarily composed of iron

E. Nonferrous metals--Metals not composed of iron

F. Organic material--Substance ciintaininganimal,*vegetable, or carbon

Example: Leather and wood

G. Inorganic materials--Substance not containing animal, vegetable, or carbon

Example: Cement, glass, and graphite

H. AISI (American Iron and Steel Institute)--Issues steel specifications for
steel-working industry

I. ASME (American Society of Mechanical Engineers)--Issues steel plate speci-
fications

J. ASTM (American Society for Testing and Materials) --Writes specifications
for all materials

K. ANSI ( American National Standards Institute) --Coordinates standards deve-
lopment arid resolves standards protdems for the United States,

L.1-, SAE (Society of Automotive Erigineers)--.Issues steel bar specifications

M. UNS;-Unified National Standard for metals

N. Materials classification system-Standard
ASTM, ASME, or.UNS

I

O. Heat treatmentl-Operation or combined
cooling it to obtain certain specifications

designation system by AISI, SAE,

1.

operations of hating a metal and

P. Thermosetting-Ilastic which permanently hardens (Sets) after heating

O. Thermoplastic-Plastic which repeatedly softens with heat
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. INFORMATION SHEET

II. Specifications sometimes found on mechanical drawirigs

A. Material

B. Finish

C. General tolerances

.. D. Color

E. Heat treatment

F. Number required

G. Hardness

H. Weight

I. Manufacturing pr7cess or operation

(NOTE: Specifications may be required depending on the organizational
i structure of the manufacturing department.)

I II. General heat treatments for metals and definitions

A. Annealing--To soften metal and release stresses

.
B. Hardening--To harden metal by dipping in oil, water, air, or brine

C. Tempering--To reduceinternal stresses

...... D. Surface hardening--To harden surface while leaving inside soft

IV. Surface hardening treatments for metals and definitions

A. Carburizing--Introduction of carbon to surface

B. Cyaniding--Introduction of carbon and nitrogen to surface

C. Nitriding-IntroductiOn of nitrogen to surface

D. induction hardening-Electrical heating of surface before quench

E. Flame hardening--Flame heating of surface before quench

V. Forms of carbon steel t

A, Coldirolled sheets . # .

(NOTE: These are available in comme lltial quality for bending, forming,
and welding, and in drawing quality for severe forming or drawing.)

mra001.'

6,
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B. Plates

1. Rectangles

2. Coils

MD 585

(NOTE: Coils, are rarely used due to the difficulty of flattening the
plate for processing.)

a
C. Bars ;

1. Hot-rolled

(NOTE: These are rounds, sqtares, flats, half rounds, and half ovals,
and are available in merchant quality and special quality.)

2. Colct-olled

(NOTE; These are rounds, hexagons, Nuares, and flats.)

VI Categories of pipe baied on end a
A. Pressure pipe

.,
r". B. Structural and mec anical pipe

C. Standard pipe

VII Specifications for tubing callouts

A°. Outside diameter

B. Inside diameter

1 C. Wall thickness

.6

.
\

VIII StruCturil steel shapes and specifications

A. Beams, COlumns, and channels--Depth of the section and by weight

B. Angles--Length of legs and weight per foot \
411

C. Tees--Width of flange, overall depth of stem, and weight per foot

D. Zees--Depth of sectioT, flange width, and weight per foot

E. Wide-flange sections--Depth of section, flange width, and weight per foot

ow

1 S. 1
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IX. Standard mill forms of materials

A. Foil (.0002" to .0055" thick, 7" to 36" wide)

B. Strip'(1/16" thick, 1/4" to 12", wide)

)

C. Sheet (18 gage [.0478] to 7 gage [.17931, 24" to 72" wide)

D. Plates (3/16 to 12" thick, 9" to 120" wide)

E. Bar (1/4 to 6" square, 1/4 to 4" hexagon, up to 12' length)

F. Rod (7/32 to 4 7/16 diameter)

G. Wire (.004 to .625 diaMeter)

H. Tubing (1/32 to 24 OD, .004" to 3" thick walls)

I. Angle (Legs 1/2" to 9", up to 80 ft. long)

J. Channel (Depth 3" to 18", 4.1#/foot to 42.7#/Foot, 201-60' long)

K. I Beam (Depth 3" to 24", 5.7#/foot to 100#/foot, 20' to 60' long)

L. Expanded sheet (36 gage to 22 gage, up to 72" by 144")

M. Perforated sheet (24 gage, tb 14 gage up to 48" x 120")

. N. Coils(.001 to .1793 thick general use-1/4, 1/2.coiled for special material
handling equipment--6."-60" wide) .,

(NOTE: Refer to a materials selector guide for reference to finished stock
sizes. Standard mill sizes indicated in paientheses are for general reference
only and to give you.a feeling for material size and shape.)

. ft
X. Metal properties and definitions (Transparency 1)

A. Tensile strength--Maximum load divided by cross sectional area just before
straining when tensile loading a specimen

B. Compressive strength--Maximum stress that a material can withstand during
compression just before deformation

C. Torsional strength--Maximum load in twisting action just before deformation

Dt Modulus of elasticity--Measure of the rigidity of a metal; ratio of stress to the
strain

c,
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swim.
E. Shear strengthStress required to produce a fracture across a plane perpen-

dicular tolpre cross section, the direction of forcesand resistance being
opposite and parallel with the paths offset a small amount

F. Bend strengthMaximum stress at which fracture occurs during bending

(NOTE: This is also known as odulus of 'rupture.)

XI. Factors to consider in selecti erials

A. Costs

1. Per ton

2. Per pound

3. Per piece

4. Per unit of strength

(NOTE: You want to select Aterials with
highest number of desirable characteristics.)

B. Strength

C. Rigidity

D. Space filling

E. Surface finish

F. Manufacturability
J_

G. Machinability

H. Weldability

the lowest cost and, the

I. Weight

J. ,Corrosion resistance
I.

XII Characteristics of metals

A. PhySical characteristics

1. Toughness (shock loading)

2. Rigidity (resist forces)

3. Loading (weight - stress)

4. Stréhgth (great forces)

5. Ductility (can be drawn or rolled without breaking)



f

_

\

588

:

ilt

tB. nufacturing characteristics

1. Machinability (ease or difficulty for chip removal)
.......0.

2. Formability (ease of plastic flow)

,

1

INFORMATION SHEET

..

,

3. Joinability (ease of joining by welding, adhesives, or mechanical
fasteners)

4, Castability (formed into parts)

XIII, Typei and kinds of ferrous manufacturing metals

A. Cast iron

1. Gray cast iron

2. White cast iron
.

3. Malleable iron

4. Ductile (nodular-) iron

5. Alloy cast iron

Carbon steel

1. tow carbon steel--.05% to .30% carbon (Mild steel),

, ,

2. Medium carbon steel--.30% to .60% carbon
-..,--

3. High carbon steel--.60% to 1.5% carbon

C. Alloy steel

1. t..-0W alloy steel
,--

2. Medium alloy steel /

XIV. Parts of the steel numbering system (Transparency 2) ,

A. Classification body

B. Process

C. Approximate alloying element

--,

D. Carbon content

Example: .4% carbon = 40

I

4 .. )
... .. A %)

4,

_

-
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XV.. Primary copper type metals

A. Copper

B. Brais

C. Leaded brass

D. Phosphor bronze

E. Aluminum bronze

F. Silicon bronze

G. Betyllkrm

H.' Cupro nickel

I. Nickel, silver

XVI. Designations of condition of aluminum (Transparencies 3 and 4)

A. F--Fabricated

B. 0Annealed

C. H--Strain hardened

D. . WSolution treated

E. T (T3-T10)--Special conditions

XVI I. Advantages and disadvantages of aluminum

A. Advantages

1. Corrosion resistance

2. Electrical and thermal conductivity

3. Attrlictive appearance

4. Light compared to steel, brass, nickel, or coppee

A

5. Load carrying capacities based on equal weight of material comparo
very favorably with steel

6, Ease of fabrication

7. Non-sparking and non-magnetic

MD - 589

"41144,

yaw



g90

INFORMATION SHEET

B. Disadvantages

1. Loses partof strength at elevated temperatures

2. Galvanic corrosion possible when in contact with other metals

3. Alkalis'are corrosive to aluminum

4. Lower mechanical properties than those of steel when of equal cro
section (not weight)

XVIII. Advantages and disadvantages of zinc

A. Advantages

1. Easier to cast than aluniiinum because Of lower melting point

(NOTE: Zinc is used in the automotive industry a:i general manufac-
turing because iris so easy to cast.)

2. Low cost

3. High prodyction rate

4. Resiitance to atmospheric corrosion

5. Ability to provide galvanic protection to steel

B. pisadvantages

1. Two to three times heavier than aluminum in equivalent die castings

2. Not as dimensionally stable as aluminum castings

3. ToxicCannot be used for food packaging,

XIX. Types of plastic materials $

(NOTE: Only more common plasticsare listed.)

A. Thermosetting (reheating will not soften) ,

1. Epoxides--Esters and straight epoxies ,

(NOTE: These' are used for fastening, molding, casting, laminating,
pottinglencasing of electrOnic parts), and manufacturing press dies for
metal forming.)

2. Amino resins--Urea and Melamine--formaldehyde ,-t
se .

These are used in tableware, knobs, and electriql appliances.)

40.
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, - 3. Phoholics, . .
4,

(NOTE: These are used iii missiles, dials, and eiectricaLparts.).

4.i * 4; aPolyesters `
: '- , -

t i
4,,.

I.

'41,

f.

t

.

MD - 591

(NOTE; These are used in skylights, sports car bodies,,and aircraft
parif.) ' ,

B. Thermoplastits tmay be reheated,to soften)

1.. Acrylonitrite-bbtadiene-styrena--ABS

.
. (NOTE:^This i d in tRol handles and automotive parts.)

2. Acetali--.Cop r and homopoligner ,, .. .,i
(NOTE: These are used in pluMbing valves, pumps, faucets, toys,

'gears, and cams.)

X Acrylic resin-A/ethyl niethacrY'late

\IPOTE: This Is used:, for outdoor signs, sunscreens, windows, and
... . 4nopies.)

4. Polybthylene-Also knoln as polythpnei.
(NOTE: This .is. used for packaging material, bottles, and insulation.), .,.

.5. Pol4jearbonate .

. '(NOTE: This islused for safety .glass, housingi,.)apd electrical appli-
ances.) , ,, : - -,

d'.:.. o
.:

t6. .PolVetbylene resins. .
\,_

(NOTI:. These are used for .garden hose,toys, ice 'trays, and pack-
agiN.) 4

. _ ,.7. Polypropyiene . .
,

40.
.

,.

4

iNOTE: This is used lbr 'tligifesfurnjture, and toys./

Lelluloses-Acetate, acetate-butyrate, ethyl-cellulose

(NiOTE: These are used for knobs, toys, and extruded tubes.)

9.. Polystyrenes .

. 1NOTE: These are used fEir tumblers, toys, and housings.)

.10. Polysurfones

***

'(NOTE: These are used for switch gearstand appliances.)

11,

V.

4 "

or.

4
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11. Vinyl resins-Polyyinyl butyrate, polyvinyl chloride (PVC), poly-
- vinylidene chloride, and cellular-vinyl

aly

. (NOTE: These are used in 'safety glass, raincoats, pipe, and floats.)

12. Synthetic rubber

\ (NOTE: This is used in tires, how, shoe soles, and shock absorbing
' pads.)

XX. Adyantaks and disadvantages of plastics

A. Advantages

I t

1. Often outlast metal equivalent parts at eeasonable speed and ,load

2. Often outlast metals in corrosive snvironments .

3, Dampen shcick vibration and nO-ise

4. Can operate with little or no lubricant

5. Machine easier and. faster

B. Disadvantages

lt Are more dimensionally sensitive to temperature ihanges

2. Carinsot be'produced tb jas high precision tolerance as most met*

3. Have lower load carrying capadity

XXI._ Refractories

A. Concrete-Structures

B. Glass-Windqws

C. Nurninum-Rocket nozzles and furnace partr

D. Graphite.-Heat shields for r-entry,yehicles

E.. Ceramics-Normal and high temperatures

41.

Alki

.
. )."
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4,
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Steel Numbering System

Classif[cation Body
-*Alsl

UNS
ASTM

/ ASME
r *' Most Used

r

MD - 595

Steel Manufacturing
process (Optional)

8 Bessemer SteeV
C Ogeri Learth Steel
D Electric Furnace Steel

AISI C 13 40 0,

A'oproximate Percentage \ , 'L.JNJS Only

of, Main Alloying Element. -Carbon Contept
(FlUndrecith of10XX Plain Carbon

i 1XX Leac!-Free: A
Machining(Steel

13XX Manbanese
2XXX Nickel,
63XXX Nickel an&Chromium,
4XXX Molybdenum
53(XX Chromium
6XX),( Chromium-Yanadium'
7XXX\-,:rungsterT .

8XXX Nickel-Chromium-
Molybdenum

9XXX Man'ganese-Silicon
*Ur.

OnesPercent),

.4% Carbon

TM 2
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Aluminum: Alloy Numbering 'System

..Group

(Zinc)
.(See Transparency 4)

'himum Aluminum Pereen age',
,

. (99.78% Arum)
,

4.11

, qt.
Original Alloy. Modifica.t-ion'sc . Condition ,

(Numbersl-g); (Solution Treated.
. -and Aitificially Aged)
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Aluminum Classification System

,1 A

,(Modifiers)
,

1 ,
I ,

i ,,

:1XXX,I7 Aluminum
v

t
g

2XXX Copper..
to

_ 3XXX _Manganese
,

0 .

' zik<X Silicon

:

i

5X>OC Magnesium
.

\

MD 599

or.

I

6XXX Magnesium.and Silicon

7XXX Zinc
\ . .

8XXX Other Elements
14

9XXX Unu_sed Series

S

,. A
A ,

A

\

i

TM 4

4.
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MATERIALS AND SPECIFICATIONS
\ UNIT VIII

\
. .

. '..., '....AANMENT SEET #1`15fTE'RMINE WIRE AND SHEET METAL
. _SIZE.FROM GAGE NUMBER

\

Directions Using the standard wire and `sheet gage charts mcluded with this assignmen/
sheet, determine wire and sheet metal size from gage number. The following example can
be used as a guideline.

Example' Find the syze of a-Birmingham wire #0009 gage

1. Go-to standard wire gage chart attached .

2 Read down Gage No " column untN 4-0's is reiched, the 4-0's means 0000

3.< fied across Birrningtiam Callmn to:Nhere it intersects 4-0's column;

4. Answer is 454

4 Probl'erns.

_2
A Fmd the size of a BirMingham wire #9 gage

B Find the size of a steel manufacturers' gheet #23 gag-e

C Find the size of a Brown and Sharpe for nonferrous metals wire # 6 gage
_

D Fill the size of an American Sand W Cos std steel wi're #36 gage

=

4i
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- 4

1

7

6

1

0
2.0s
3-0'si
4-0's

6-0's
7-0's

.

1. *Used for tubing wait thicknesses and certain strip and springsteel products .

2. Used by virtually alCmanufacturers of steel wire ip U.S.
3. Used for copper, brass, aluminum, and other nonferrous metals -

4, AluminUm sheets use the same gage numbers as American Wire gage--order aluminum,
by thickness not gage

ASSIGNMENT SHEET #1

J
STANDARD WIRE & SHEET GAGES

WIRE GAGES
DectmaI Inch Equivalent

SHEET GAGES

A11"11N.11 (AllVs1:11)
",11.11 "Mt

.(10111knes, , in
In(he, ,t h, ln(ia

00,01

004r, 10.j 00.0',1

J10-1 OS: 0Oh i0

ll', IIM/ o1)7o8

0128 I 009 0079i ,)10 0114

OIL' ,) -,, 010i 0089 011 0142

... 014', 0P, 0120 , 0100 01; 01;7
u 1 h 0111 ,014 0172

01h2 , 01..t 0149 0126 016 0187

0181
0;..
0!,. 01

0 lb4
79

0142
01Y1 ',

017
019

0202
OZ1-

0204 01. " ' 0209 U179 02*.7

02 io 0239 0201 02", 0276

02)g 0 0269 0226 02R 0306

0286 ) 0299 0251 031 0396

7 C 0329 0285 034 0366

. ,

. L
, 0 4,),O.

0120
0 i ) e.

' 0355
041.8

0320
0559

038
034

0596
0456

0.ri
,H8 '

047;
0540

0 . .

hY I

0478
053R

040i
045,3

050
056

051e
0575

( 0%, 01',25 0 ., 0598 0508 063 Oh 15

. -.

0, 2 " pF2o {6'1 6671 0571 OW 0710

. 0747 0641 078 ..,,.. I 0/85
Iq,

, o

..

WW1
10,5

. 072.0

080g.
0897
1046

0720
0808

094
109

0934
1084.

1205
..

0907 1196 ' C1907 12', 1233

.'s
5130

1483

101, `,.,

1144
1545
1495

101 1

1144
t 141

15b
..

1 382

,1112.

1620 128r, 1644 1285 171 1681

1, 1770 14'4, 1791, 1443
1

:0( 1920 162o 1943 1620 I

b

2070 1811 2092 1819 .
...

2 ift 2253 2043 1241 2043
2417 2294 21.91 2294

284 2625 2576

100 28 10 2893 .
?

340 3065

180 3310 i6,02

425 3625 1.0qt

454........ .3938 4600

SOO 4105
4615 5800
4900

4.

.
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MATEBIALS AND SPECIFICATIONS
UNIT VIH

ASSIGNMENT SHEET #2--SELECT MATERIALS FROM
A MATERIALS STOCK BOOK

Directions Using the Steel and Aluminum Stock List and Reference Book or any compar
able matenals stock book, solve the problems which follow for selecting materials. The
following example can be used as a guideline.

Example

MD 603

Select the standard sheet length and width for 14 gage hot-rolled steel
sheet ASTM A570, Grade A to fit a design 57" by 143". Consider the l'eaSt,
amount of wasted material in your selection. Also find the estirnated weight
per sheet.

1. Go to standard materials stock book

2. Read index of stock book for steel sheets

3. Locate ASTM A570, Grade A Hot Rolle'd Flat sheets

4. Locate 14 gage thickness

5. Locate sheet size a 57" by 143" would fit

6.

7.

Answer is^60" by 144"

Estirnatef lbs. per sheet-is 187.5#

Probl4ems

- -
- A.

B.

Select-the stabdarct
coFnm-ercial quality
theleast amount of
per sheet.

purchased. -sheet size length 'and width for 22 gage-cold rolled:
ASTM .A36 steel sheet to fit a desig).1 31'-lay 97". Consider
wasted materiel in-your sereetron. Alsp;find the estimated weight

1: $1-leet size length and width

2. Estimated weight pe,r sheet
''

. .
Seie dt the itgridard purchased sheet size length and width for :063 thick .5052 alumi-
nuhi flat sheets Spec QQ-A25018 with 1+32 mill finish to fit.a design 45" by 85.
Consider the least arnount of wasted materiel's ITh yo,tir selectton. Also find Weight pers
sheet.

1. Sheet size length and width

2. Eltirrigted weight per Sheet

4
4.ti.
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ASSIGNMENT SHEET #2

C. Select the, standard purchased sheet size length and width for :032 thick zinc alloy
sheets QQ-Z100A to fit a design 29" x 115". Gonsider the least amount of wasted
materials in /our selection: Also find weight per sh6et.

1. .Sheet sie length ahd width

2. Estimated weight per sheet

D. Select the standard purchased estimated weight per foot 1018 hexagon cold finished
bar ASTM A108 of 11/16 inches across flats. Also find the stook length

1. Estimated weight per foot

2. Stock length

E. Select a bar size angle ASTM A36 tit) fit a design need of 2 1/2Ittoy by 5/1.6 thick.
What is the estimated weight per foot, and what lengths are available?'

A

1 'Estimated weight per foot

Lengths available'

F. Select a wide flange structural- beam XSTM A36 with a,clepth of 18.12", flange width-
7.532" and web thickness of .390". Find the AISI designation and estimated weight
per foot.

1. AISI designation

2. Estimated weight pe\ foot

G. Select steel tubing--r nd seamless mechanical tubing cold drawn outside
diamete (OD) 2 7/8 anti inside diameter 2.125". -Find the wall thickness and esti-
mated weight per foot.

1. Wall thickness,

2. Estimated weight per foott

fr."

+1; 4

\

4 71c 4
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MATERIALS AND SPECIFICATIONS
UNIT VIII

,

ANSWERS TO ASSIGNMENT SHEETS

Assignment Sheet #1
,

A. .148
k, ...B. .0269
3 C. .00500

D. .0090

Assignment Sheet #2

(NOTE: Answers may vary slightly according to the stock book used.)

A.

B.

C.

1.

2.
1.

2.
1.

36" by 120"
37.5 #
48 by 96"
28.06 #
36" by 120"

-

2. 36 #
D. 1. 1.39 #

2. 10' to 12'
E. 1. 4.50 #

F.
2.
1.

20'30', 41Y
W18 x 55

2. 55.0 # 0

G. 1. ',375"
2: 10.01.,#

4 7ST

II
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MATERIALS AND SPECIFICATIONS
UNIT yIll

.

NAME;

TEST

4

1. Match the terms on the right wittrthe correct definitions.

Ability of a, metal to resist rough trigment

b. Ability of 'a metal' to stretch 'and flow under
pressure without breaking

t. Relative d!frfiiiIty of machining a metal

d. Metals pr arily coniposed of iron

e. Metals nofc- omposed of iron ,

f. Substance containing animal, ,vegetable', or
, 'carbon

bstance not containing #inimal, vegetable,
r carbon

Issues steerapecifications for steel-wOrking
industry

i. ,Issues steel plate sPecifications

j: Writes,specifications for all mattAal
i- '-:.. . ,.

. .
.

. k. -Coordinatep standards ,,development and re- ;

solves standards problems for 4the Uhited,
Stases

I. Issueststeel bar specIfications

..m. UnifierNational Standard for metals'

n. Standard designation system by AISl, SRt,
ATM, ASME, or,UNS

Operation or combined operations.bA heating
mptal and cooling it. to obtain' Certain

4 speoificationsi
:

11,

r.

q:

. ,.. .
A plastic which Permanently hardens after' '
hedfirtg.

. ,, , . .,,, ,.
Plastic -which repaatedlY softens With heat

, e. . I

N

.
ri, .. .

.
. t 0 ,

, , . . ..
., .1 I

101 00.` I

1. SAE

2. itilachinability

3. AISI

.4. Organic material

5. Thermosetting

6. ANSI

7. Ductility

8. Nonferrous tnetals

9. Heat treatment

i 0. Toughness

11. Thermoplastic

13

14

15.

UNS

Periou'i mkals

Inorganic mate-
rial

ASME

16. ASTM.

17: Materiafs classi-
fication system,

607

.0-



2. List four specifications sometimes found On mechanical drawings.

a.

b.

C.

d.

3. Match general heat treatments for metals on ihe right with the correct definitions.
- ,

;a. To soften metal and release stresses
1. Tempering

b. To, harden metal by dipping in oil, water, 2. Annealirtgair, or brine
-

3. Surface hardeningc. To reduce internal stresses

d. To harden surface while leaving inside sof.t 4. Hardening

4. Match surface hardening treatments for metals on the right with the correct defi- ,.nitiona,
-. N.
a. Introduction of carbon to surface 1. Induction hard-

ening .
b. Introduction of carbon and nitrogen to

surface 2. Carburizing

c . Introduction of nitrogen to surface 3. Cyaniding

d. Electrical heating of i7urface before quench 4. Flame hardening'
e. Flame heating' of surface before quench 5.. Nitriding,

5. Select forms of carbon steel by placing an "X" in the appropriate blanks.

a. Warm-rolled sheets ,I
b. Coil plates

r

c. Hot-rolled bars

d. Rectangle particles

, v. Liquid

f. 'Cold-rolled bars

I

--...../
6. Complete the following list of categories of pipe based on end uie.

r

a. Pressure pipe

b. Structural and mechanical pipe .

C. .

i

r

.

48o
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7. List three specifications for tubing callouts.

a..

b,

C.

8. Match structural steel shapes on the right with the correct specifications.

a. Depth of the section andby weight

b. Length of legs and weight per foot
.`

C. Width of flange, overall depth of stem,
and weight per foot

d. Depth of section, flange width, ancl weight
per foot

9. List five standard mill forms of materials.

C.

d.

e.

1. Angles

2. Beams, columns,
and channels

3. Wide-flange sec-
tions and Zees

4. Tees

ef

10. Match, the metal properties on the right with the correct definitions..

a. Maximum load in twisting action just before 1. Tensile strength
deformation

b. Maximum stress at which fracture occurs
duringpending ,

c. Maximum stress that a material can withstand
during compression just before deformation

d. Maximum load divided by cross sectional
area just before straining when tensile loading
a specimen

e. Measure of the, rigidity of a metal; ratio
of stress to the strain

f. Stress required to produce a fracture across a'/'
plane perpendicularto the cross section,lhe
direction of forces and resista being
opposite and parallel with the paths of a
small amount

481

2. Compressive
strength

3. Torsional
strength

`4. Modulus of
elasticity

5. Shear strength

6. Bend strength
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11 List six factors to consider in selecting materials.

a.

C.

d.

e.

12. .Distinguish.between physical and manufacturing characILristics of metals by placing

an "X" next to the physical charactenstics.

a. Strength

b. Castability

c. R igidity

d. Ductility

e. Machinability

f Toughness

g. Formability

13. Complete the followin2 list of tYpes and kinds of ferrous manufacturing metals.

a. Cast ir.on

1)

2)

b.

1)

2) Low carbon stee

c. Alloy steel

492
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14. Identify the parfs of the sthel numbering system.

. a. b.

1
_.

, SA I.E 40:_d.
.

C.

s
.

,

s

ft

MD -.611

i
.

a. < b.
.

) c..
,

15. Select primary copper type metals by placing an "X" in the appropriate blanks.
III

a. Zinc, .
...

N.

f

b. Leaded brass
4 J

c. Beryllium

d. Cupro nickel

e. Cast iron
/

f. Nickel silver
- ''.

g: Silicon bkinze

a

,

t

_

.
.

16, Match the designations of condition of aluminum on the right with the Lorrect defi-
nitions.

_

,
a. Soldion treated

C. b. Annealed ,

c. Special conditions

/

d. Fabricated

e. Strain hardened
1 '

,a.t r ..

483
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17. Distinguish between advantages and disadvantages of aluminum by placing.an "X"
next to the advantages.

a: Alkahs are.corrosive to aluminim

b. Electrical and thermal conductivity

c. Ease of fabrication

d. Loses part of strength at elevated temperatures

e. Light compared to steel

f. Non-sparking and non-magnetic

18. Distinguish between advantages and disadvantages of zinc by placing an 'X" next to
the advantages.

'
a. High production rate

b. Toxic--Cannot be used for food packaging

c. Easier to cast than aluminum because bf a lower melting pbint

d. Resistance to atmospheric coProsion. 4

e. Two to three times heavier than aluminurriin equtogent die casitings-

to.

.
.

. .

19. Distinguish between types of plastic materials by placing an "XI! next to 'the thermo-
setting plastics and an "0" next to the therMoPlastics.

. I
.. . e

a. Polyethylene

b. Amino resins.; 1

it
c. Acrylic .

. ..*

d. Vinyl resins
t..., ...:, , .. 4 4

e. Polyesters -
.%.

t t,

f. Polyprapylerie i

...

,*If , .

..
.

7.*

g. Epoxides #

h Acetals

a*

1`

..'20. Distinguish'between dvantages asld disadvantages of plastics bit placing-an "X" next to. . 4
the advantages;

\ a. Are more imensionally sensitive to temperature changes

b. Machine eaSier and faster

e. Often outlast metals in corrosive environments

Have lower load carrying capacity

e. Dampen shock vibration arid noise
..

4 S4
4

'(

.1 .
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2,1. Match the.refractory materials on theright with the .correct uses.

a. Heat thields for re-entry vehicles r" 1. Concrete

b.. Windows 2. Glass

c. Rocket nozzles and furnace parts 3. Aluminuhi

d. Normal and high temperatures 4. Graphite
-

e. StrUctures 5. Ceramics
-e

22. Demonstrate the ability to:

1 4'

.

-

a '
r

a. Determine wire and sheet metal iize from gage number.

Select materials frohi a materials, stock boolif

.

a

,.. . ..

(NÔTE: Jf tllese attiVities havg /lot .been accompli,shed ,prior to' the test, ask '.
your instructor when they shauld be completed.Y - ..- -' e ..

, - ,. --. .. - .. ,.
a a ' 14

*e m !"..
Ilk.- '

1

er
4

z

e,

, . .

485
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MATnIAL..$ AND SPECIFICATIONS

UNIT VIII

AN§111ERS TO TEST'

1. a. 10 f. 4 k. 6,- 13... 5
b. 7 g. .14 - I. 1".- - q.. 11
c. 2 h. 3 m. 12
d. 13 "--i. 15 ' n, 17
e. .8 j. - 16 o. 9

, ., : . t .
$ 2. Any four of thefollowing: . .-.

,. a. Material . - ..'
,-b. Finish . . - :. "Y.,

t ' 6 4, 4
0 "6 . 4

c'. General tolerances .
d. COI& - ' ..

. .

MD 6.15

a

N.

e. ,' fieat treatment - . - . . ,
..7 , ,-- . . ...p N.' f. -... Number:required -. , , ... ..1... ...", .g,. ',;.f-lardne§s A .., . P..

rA. h. Weight .- .',. ...
4 '7.,... t

4 6 :
V

I 0 4

0 4
a. -Manulacturin4,proegssor osef.atian '. - , .

., .:, .. *, .- , ., . ..,. .. - - , . , , . , ., ..9.- a. . 2 ' .. .. . . !!" W. - ,I : .13 . .4
.. /" 0

.

1.. 11_ * 'Is A .1.i : . Cr 1 . -...
, ....4 t # -.

-,4
> 1

I. .... ..

, .
2 '

,.... . .
. -

.?

ka
s

k.

.% 4. a.' 2 . -:, :.'...7..
. -.

,
-

:
, .. ..i.

. ....

.... : r>.-e---
-

. - ......
... .-. J

.

vg. ... ;-._
III 0

V
. 5. ; '',. d. , 1 . -* ....

. ,
....,...

.

b,c,f.

6. c. Standard pjpe

7. a. Outside diameter
b. inside diqmeter.
c. Wall thickness

- 8. a. 2
b. 1

c. 4
d.

9. Any five of the following:
a. Foil h. Tubing
b. Strip i. Angle
c. Sheet ' j. Channel
d". Plates k. I beam.
e. Bar I. 4 Expanded sheer
f. Rod m. Perforated sheet
g. Wire n. Coils

486.
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-

7

10. a. 3
P. 6

2
d: 1,e. 4'
.. 5

s

'

.4

4.

11. tokny six i-1)( the; fortowing:
- a.. Costs -

b. -.. Seerigth.
. . - - rigidity . ,S. "ir . . d. Spateffilling : .....

. -:
.

.. . ,
... e., Surface finish- ... et

4 : f. ManufacturbIlity . ` ...I

g.. Machinability ,,'--. ,
.0 ,'

h. . Weld)abihty , ,
-,-

3. ',. Weight ' . ,.. . / I
-e 9 . s s ..

a.. ..j.. corrosion-ivistarfee .,
.- .

.
if

s -1,--..,,.. .a . -: _ , : -,... - 0..12. a, d, d, f , . . . -..."., ! 'ft- - .- *-: .". t.' 4.r s-4. . , .
. , . . . .

4 %.-- t . 44'. - .4,., -, - 15. !'a. Ahy tvtlo df the following: ..- , .-
1- - c.

-- - ' .., ' .." V) Gray cast4ron ji, ''::.,:-. - :4:. .- i .. .
.., .

..

t , .' 2).0.1White cast iron' ..; "tia,.. - . ,
--Mahleibtviron . , ,

\,... fit . -- 4J. Ductilo.4on. '7 ' OP .'

..44. ' Alloy cast iron... .
413... CarjAdn steel ,-,

l ** 40 one of the followinb:
.... .

... 1) Medium 'carbon steel
2) High carbon steel .

.. 1-. -. .-- 4
, Any two of the followitig:

1) 'Low alloy steel .,

.., . 24 Medium aFlOy steel . .

; L
-1

. oe

I.

14. a. Classification body
C. Process
q. Approximate alloying element
d. Carbon content

15. b, c, d, f, g

16. a. 4
b. 2
6. 5
d. 1

e. 3

17. b, c, e, f

18. a, c, d.

19, a. 0
b. X
c. 0
d. . 0

20. b, c, e

e. X
f. 0
9. N
h. 0
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21 . '4
R A
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,-
d. 5 -,
e. 41" <

,
,o

22.. Eoluked to the satisfect.ion.of tIte insteuctor.
.114.

a
" a

'hi

,
C.

.

S.
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"

ar

a

I
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MANI1AC1UR.I.NG PROCESSES
. -:

.., UNIT IX

. f.

UNIT OBjECTIVE

, o
£4" 619 '

.

After mptetion of this unit, the student should be able to design part's for manufacturing
proce ses. This, khoWledge will be evidenced by correctN performing the procedures out-
lin in the assignment sheets and by scbring 85 percent on the unit test..

SPECIFIC OBJECTIVES

After completion of this unit, the student should be able to:

1. Match terms related to- manufacturing processes with the correct definitions.
4

2. State three purposes of manufacturing processes.

3. Identify principal types of drawings for manufacturing processes.

4. Match casting terms with the correct definitions.

5; Select true statements concerning design procedures for a casting.
7

6. Distinguish between pattern and machine dimensions.

Match forging terms with the correct definitions.

8. Select thJe statements concerning'design procedures for a forgin .

9. Match welding terms with the correct definitionS.
I

10. Select true statements concernin design procedures for a welded assembly.

11. Match machines with the correct processes..

12. Name advantages of numerical control machinery.

13. Match plistic manufacture terms with the correct definitions.

1.4. Select true stet-events concerning methods of fabricating plastics.

.15. Select true statements concerning design procedures for plastics. . p.

16. Match sheet metal processing terms with the correct definitions.

.17. Identify sheet metal herps and joints..!

18. Calculate bend allowance for sheet metal.

4513
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1

19. 'De'rnonstrate the abilityjo:

a. Design a casting part.

-b. besign .a forging Part.
_

.. c. Design a welded part.

d. Design a thermoplastie part.

4

,

,

1

.

e
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MANUFACTURING PROCESSES
UNIT IX

!. t
SUGGESTED ACTIVITIES

I. Provide student with objective sheet. N

II. Provide student with information and assignment sheets.

III. Maki transparencies.

IV. Discuss unit and specific objectives. .

V. Discuss information and assipment sheets.

VI. Tour several manufacturing plants such as welding, foundry, machine shop,
or sheet metal plants, and explain the processes in use.

. VI I. Tour the welding shop, foundry, machine shop, or plastic shop in your school or
school district, and ask the instructors to explain the processes in use. Discuss the
differences Ad similarities between the school shops and the actual manufac-
turing plants. .

, .
VIII. Discuss the major difference between the types of drawings for varioós manufac-

,turirfg processes.

IX. Give,test.

s

INSTRUCTIONAL MATERIALS

I. Included in this unit:

A. Objective she:t
o

B. Information sheet

C. 'Transparency masters

1. TM 1--Sahd Casting Drawing

2. TM 2--Machining Drawing

3. TM 3Welding Drawlig

4. TM 4--$heet Metal Drawing,

5. TM 5Forging Drawing .

6,. TM 6--Sand Mold Pattern

7. TM 7--Starting to Makethe Sand MoldI

8. TM 8--After Rollihg Over the Drag

4 91

0 4
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9: T'M 9--Preparing to Ram Wilding Sand in. Cope
. o L

10. TM 10-Cdmplete Mold Separated

11.4.TM 11 --Completed'Meld
rr 12. TM 12-Design of Castings

13. TM 13--Design Castings (Continued)

,

14. TM 14-Pattern and MaOine Dimensions
.

2

45. TM 15;Sheet Metai-14emi pnd Joints,:.;---t
16. 4TM 16--Bend Allowance 4,

.
D. Assignrneni sheets

1. Assignment Sheet #1t-Ca1cu1ete Bend Allowance for 81-leit Metal

-
, 2. 4ssignment Sheet #2-Design a -Qasting Part -,

! , . . . .

3. Assignment,Sheet #3-;Design a Forging Part

: . 4. *Assignment theet #4--Design a Welded Part. , 9. .
'1

A

917 C

,

s

-.

-

.
.5: 'Assignment Sheet #5-:Design a Thermoplastic Part

. . . ..

;
-, E. Answers to-assignment sheets ,. ..

F. Test

G: Aniwers to test

tl

11. References: f
A. Jofinsqn, ElarOld V. Manufactdring Processei Metals and Plistics.. Peoria,'

R. 61614: CharleaA. BennettCd., Inc., 197. ,

,
Arnstead, 'B. H., P.E. Ostwald, and M.L. Begeman. Manufacturing firocesses.

. New Yoik: Johri WileY and Sons, 1977. . *... ,

C. Jensen, C.H: Engineering', Drawing-4nd Design'. New- York: .GreggbMston/
McGraw-Hill-Book-Co., 1968.,

Tool and Anufacturing Handbook, 3rd editibn, SoCiety of Manufacturing
rngineers. NeW York: McGrew-Hill-B-pok Co.,1976.

. - . .
E. Blodgett, Orner W. Design of Weldrnents. The James F. Lincoln Arc Welding

Foundation, Cleveland,OH, 1963.
,

F. °berg, Erik,Eiankli'n E. Jones, 'and Holbrook Horton. Machinery's Hand-
boolcAthAti. New Yói-le Industrial Press, Ind., 1979.

G. French, Thoinai E. and Charles J. Vierci. E4ineering DraWing and Graphic
Techdology. 12th edt,NeW York: NleGraw-Hill Book Co., 1978.

4
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MANUFACTURING PROCESSES \
UNIT IX

INFORMATION SHEET

I. Terms and definitions

MI)- 623

AI, Casting-Me* object formed bY pouring molten metal into a mold until
solidified

13 Pattern-Form used to make a cavity in sand mold

C. Core--Special body designed to prod'uce a special cavity in or on a casting

D. Permanent mold casting--Cayfbg produced with metal molds plus hydro-
static pressure

E. Dje casting--Process of forciog hot metal into a metal mold or die

F. Cehtrifugal casting-Prdcess of pouring metal into a revolving mold

G, Investment casting-"" Lost Wax" process of pouring a sand mixture (invest-
ment) around a wax pattern; the casting is made by pouring molten metal
into the hardened sand shell melting and forcing the wax out

Shell molding--Process using thin sand resin shells molded of the pattern
and molten metal is poured into the cavity

(NOTE: This process produces close tolerance parts.)

I , ,

I. Hot working metal--Metal in plastic state..formed by mechanical working

(NOTE: Mechanical workings include rolling and forging.)

J. Cold working Metal-Forming or plastic deforming metals while metal is cold

K. Machining pperations--To change the shape, finish, and size *by removing
. material from the workpiece .

L. Electroplating--Covering a metal by electro-deposits of a thin coating of the
same or other metal

M. Chemical milling-dhemical removal of a metal from the workpiece

, N. Flame spraying--Process of melting materials and blowing the melted metal
on a surface

0. Laser machipg-Precise removal of small amourlts of metal by a concen-
....-

trated focus of intense heat

\\)P. Ultrasonic machining-Bombardment of a workpiece by grit driven by
linear oscillation of the tool

0

493



624

1

..

e

INFORMATION SHEET

k

, ..

Q. Electron beam machining--Pulsing technique by accelerated electrons that
heat and cool an area

t;
R. Electronic discharge machining--Removal of metal by spark in the presence

of a coolant
-

S. Electro-chemical machiningReverse plating process of material removal

T. 'Chemical machiningUse of an acid to dissolve metal in areas-except where'
acid resist is used, .

'
U. Numerical control (NC) machining--Operation of machine tools by auto-

matic programmed cutting sequences using numerical data stored on paper,
magnetic tape, tabulating cards, computer storage, or direct information
to produce acourate machining of complex geometrical surfaces

V., Injection molding--Ramming of hot plastic into a mold

W. FusionThe process of melting or melting together rriaterials

X. ExtrusionThe process of pushing (forcing) metal through a shape-formed
,die .

,

Y. Surface preparation--A mechanical or chemical process to improve part
appearance, surface hardness, coatability, and resistance to wear

Examples: Sand blasting, deburrjhg, shot peening, electropOlishing

Z. Computer numerical control (CNC) MichiningA numerical control system
using a special purpose compuier to operate machine tools ,

ilk

iAA. Automation--An NC machine 6r system of mach nes that control the
sequence of operations, tool movement, or materia -movement With very
little, if any, assistance from the operator

I

BB. Transfer machine--A machine that has the capability to transfer a workpiece
. from one operation to anQtheroperation within the machine or to another
machine .

(NOTE:. Transfer. machines permit the maximum number of production
operations to be performed on workpieces at a Maximum production rate.)

.

11. Purposes of manufacturing processes

A. Remo-ving material from original part

B. Adding material to original part 1

C. Spreading material to other areas

-1. .
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INFORMATION SHEET
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III. Principal types of drawings for manufacturing processes (Transparencies 1-5)

A. Casting

B. Machining

C. Welding

D. 9heet metal

E. Fbrging

IV. Casting terms and definitions (Transparencies 6-11)

A. Riser--Relief for air and molten metal to rise

B. .F latkComplete mold

C. Sprue--Tapered hole in' the cope of a casting mold to pour molten metal
into the mold cavity

D. Parting line--Line of separation

E. DraftPattern taper for easy removal of pattern from mold

F. Drag--Bottom helf of tIne flask

G. .Cope--Top half Of the flask

H. Cheek--Micklle part of the flask

' I. GateOpening for the molten metal to flow between the.sprue and the
mold cavity

J. Alignment pins-Devices to align drag and cope

. V. Design procedures for a casting (Transparencies 12 and 13)

A. Avoid abrupt changes iffsection

B. Keep wall thickness of sections uniform

C. Avoid internal stresses

D. Use minimum number 'of adjoining sections

:tE. 5illet radii should be equal to rib thicknesses

ofk

F. Thickeripin members when they approach a thick member

G. Odd number of spokes is better than even number tb prevent stresses along
opposite spokes .

H. Allow mom for'withdrawing of pattern from sand

405



626

"IFORMAT ION SHEET

I. Use a shrink rule to lay out patterns

(NOTE: Each material has a different shrink'age factor. For example, a
'cast iron shrinkage rule is 1/8" longer per foot than a standard rule and.an
aluminum shrinkage rule is 5/32" longer per Mot than a standard rule.)

J. A draft'or taper must be added to the pattern to allow for removal from
the mold

(NOTE: This is usually 1/8" to 1/4" per foot.)

K. A finish allowance or extra metal must be included for machining

(NOTE: This .is normally 1/8" (1.2 mm) for small and avenrage 6astings.)

L. Use a boss, a cylindrical projection on a casting, to give a bearing surface for
a fastener

(NOTE: A boss requires less machining.)

BOSS

.VI. Pattern and machine dimensions (TAlksparency 14) ,

A. Pattern dimensionsDimensions needed.only.by a pattern maker to make
a plattern

B. Machine dimensionsDimensions needed only by a machinist to machine
the part

. N VII. Forging teims 'and definitions
..

- A. Parting line (flash line)-- Line where dies meet and separate

B. Die closure--Added amount to the die when dies do not close

C. Parting plane--Plane perpendicular to the direction of pressure

D. Die;-Device used,in shading or stamping an object or flat material

E. Flash--Slight excess thin fin of mdterial surrbundifig a forging at the parting
line i

F. Draft--Taper of surfaces to allow easy removal from the die

G. Match toleranceMeasurement of displacement of two opposing dies in
the direction parallel to the parting line of the dies

496



. INWRMATION SHEET

VI II. Design procedures for a forging
. .

A. Avoid sharp corner fillets

(NOTE: if material is flowing away, fillets may Los.sharper.)

13, Have large fillet if material is flowing toward fillet

C. Use strippers and ejectors when little or no draft is used

,
a .

4

-

MD 627

A

D. 'Allow generous tolerances for dies in areas of greatest pressure and flow

(NOTE: Generous tolerances in these areas will make dies last longer.)

IX. Welding terms and definitions

, A. Arc welding--Most common proless which uses electric arc to melt edges
and melted electrode as additional material

B. Forge welding--Heated metal is forced together under pressUre

C. Induction welding--Parts are heated by electric current to melt and fuse parts
together

,

(NOTE: Induo,tion wiling is an economical mass production method.)

D. Resistance welding-A .heaty current is passed through parts in 'contact
whi_ch melts and fuses the parts together t.

,
E. Gas weldingHeating, of. Metal by 'hot flame and melting of welding rod

as a fillet metal

-.

,

..-...s
F. Therthit welding--Chemical rdaction between pOi.v' dered aluminum and

powdered metal oxide whrth causes them to be welded together
..

G. TIG--Gas tungsten inert shielding arc welding using a metal electrode
II

H. MIG--Gas metal inert shielding arc weldindusing a metal electrode

I. Plasma welding--An arc welding process in which the arc is constricted
in a hot ionized gas flowing through an orifice -

J. Nondestructive testing--A method of testing materials without impairing
the usefulness of the material _

,

, Examples: 4 Visual, magnetic particle, liqUid penetrant, and X-ray

K. Destructive testing--A method of testing materials, usually samplesohat
destroys their usgfulness

Examsples: Chum I tests, hardness tests, mechanical tests, and notched
bar im rt test

497
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1 ' INFORMATION SHEET

\

a

r

1

r

,

X. Design procedures for a welded aembly

A. Use standard 'rolled shapes such as I beams, channels, zees, and tees

q -I.
B. Design for calculated load to avoid waking materials ...

C. Use deep,sections to avoid bendirig . ,

,

_

. D. Proper use of stiffeners will Firovide rigidity with 'less weight
,

E. Use closed sections or diagonal bracing for torsion (twisting)

F. Provide maintenance accessibility i.

G. Design with minimupf number of pieces

H. Eliminate beveling if deep-penetrating arc calf% used

I. Use minimum root opening to avoid excess filly metal

J. Place welds on shortest seams i

..

44

,.

! 40
fa.

XI. Machines and processes

A. Turning machines--Cutting the workpiece by rotating the workpiece against \
the edge of the tool

B. Milling machines-Cutting the workpiece by a rotating fool; the workpiece it;
then moved back into position for the next cut ,

C. Drill press--Cutting circular holes in the workpiece by a rotating tool
, "

D. Shaper and planer--Cutting by tools going back 'and forth on Workpiece,,
. while wprkpiece is automatically advanced

E. Sawing machines--Making straight or circular outs in a workpiece

F. Broaching machines-PUlling or pushing i broaching tool over lirinifk-'
piece surface to Machine simple or complex contours

,
,

G.1, Grinding machines-Removing tiny particles from the surface of the work-
', piece by abrasive action
\ -s

XII. Advaritages of numerical control machinery

A. Greater control over the manUfacturing process

B. Higher cutting Taies

C. Large "time savings

(NOTE: Broaching is one of the most product* precision machining
processes known to produce presion finishes, hold small tolerances, and
eliminate the need for highly skille machine operators:)

,
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INFO RMATJON.SHEET

p.- Reduction of inventory... /
E. Fewer machines and operators redliired

F. Lesisidll required by operarrs

G. 'Reduced scrap and rework
. ,

41. H. Improved 'product desigh

Xl i -Plastic Ainufactute terms and definitions

.

/A. Thermoplastid weldingFusing together of thermoplastic materials

MD - 629

4
B. Compression oldingPressure and heat cause material to flow in a mOld

C. Transfer moldingPlunger and high frequency preheating mold plastic
in a mold cavity

Injection mdldik-Thermoplastid, material is injected into, a mold andl
cooled

E. Extrusion--Plastic is forced througr; d9ie of the desired shape

F. Blow mokfingAir is blown into heated plastic forcing it against the mold
sides \

G. ThermArmingPreheating plastic sheets until limp, followed by vacuum
forming over a mold

H. Rotational molding--Process in which pfastisol plastic is fused while in a
rotating mold, 7.

..
I. LaminatingCombination of materials by heat and pressure to form a

, Asingle piece

XIV. Methods of fabricating plastic;

A. MachiningUsed pn rigid plaStics
.114

B. FormingUsed on flexible thermoplastics 4

C. WeldingUsed for joining rigid sheets of plastic

XV. Design procedures fdr plastics

A. Any wall or rib should be I;etween a minimum of 3/32" to 5/32" thick

B. Any wait thickness should not exceed 1/8" thicic

C. Draft or taper oeT4 to 2° is desirable/
-70,._ Fillets should be addetd to facilitate molding with minimum distortion

and breakage

t

4'9 9
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INFORMATION SHEET

E. Ribs -.and bosses must have 50 tapers

_-
F. Holes smaller than 1/16" in diameter must be drilled or formed after. rnold-

ing v

(NOTE: These procedures are not exhaustive of the plastic industry. Please
! consult specific refbrences formore details.)

XVI. Sheet metal processing terms and definitions

_ A. Mgtal spinning-Forming a, sheet of metar over a mandrel while the sheet
is rotating

B. Stretch forming--Stretching sheet metal and then forming by dies

C. High energy forminT-Using high energy to shape metal such as explosive or
magnetic forming

D. Shearing-Cutting metal by shearing action

E. Drawing--Stretching sheet over die in the form of the final product

F. Developmeni--A pattern or shape in two dimensions for sheel metal

G. Bending--To form corners, edges, and seams in sheet metal

H. Bend relief holes--Holes drilled or punched at intersection of bends to
.( relieve strain which would cause metal to crack or buckle

I. Spring back--An-dverbending operation to allow for the material tq spring
back into thedesired shape

XVI I. Sheet' metal hems and joints (Transparency 15)

A. Single flange

B. Double flange

C. Rolled flange

5Oo
4



D. Single hem

E.6 Double hem

F. Wired edge

G, Lap seam

H. Plain flat seam

I. Grooved seam

INFORMATION SHEET

J. Single seam

AK. Double seam

501
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A

A

f

4

.>
INFORMATION SHEET

A1111

L. Standing seam 4.
^

-41

XVIII. Calculating bend allowance for sheet metal (Transparency 16)

i

/

'A. BA = Bend allowance

B. R = Radius of bend

C. T = Metal thicknAss

D. N = Number of dezzs in bend

E. BA = (.017453R + .0078T)N

F. Length = L1 + L2 + BA

OML

.,

IML .
(NOTE: Bend allowance tables have been tabulated
based on experimental data. As a rule of thumb BA
for soft metals and 1/2 thickness for hard metals.)

.

'5 0 2

>

..

AR

r

r

1.,

for many industries
equals 1/3 thickness
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Sand Casting 'Drawing
For "Mach/nil-7g" see Dwg 87343.
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Sheet Metal Drawing
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Forging Drawing
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Sand Mold Pattern

Aligning
Dowel

513

Fig. A

Cope
Half

L___brag
Half

Fig. B

Cope
,Half
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Starting to Make the Sand Mold
la

Drag Half of Pattern ('With Dowel 'Holes)

Molding Sand

1

*

o

\

Drag Flask
r

Alignment
Pins

Mold Board
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After Rolling Over the Drag
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Follow
. Board

/II a "
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, Comp ete Mold -: Separated
. Riser -.

w

Molding '

Board

Sprue

Coi-e Box Drag
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Core (Halves)

Core Print
Split

Pattern
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Sheet Metal Hems and Joints

Sing e Flange, Double Flange Rolled Edge

Lap Seam Plain Flat Seam, Grooved Seain

r.-

MD 661

Single Hem Double Hem Wired'Edge

Single Seam Double Seam Standing Seam

a

.

/

,

TM 15
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Bend Allowance

,
\.

Nip 663

,

IML

BA = Bend Allowance

R = Radius
AI

o

T = Metal Thickness

N = Number.of Degrees in Bend

Length = L1 i- L2 +BA

BA = (.017453R + .0078T)N°

Example: If R = .5, T = .10, N°= 1200 --

t BA = (.a17453R + .0078T)N°
= f .017453(.5) + .0078(.10)]120
= .1872

529

f
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4P

MANUFACTURING PROCESSES
UNIT IX

,

ASSIGNMENT SHEET .#1--CALCULATE BEND ALLOWANCE FOR SHEET META_

-
Directions: Calculate bend allowances for these problems usin thelltollowing formula:

.BA = (.017453R + .0078T) N

Problems

A! Radius: 4" B. Radius: 6"
Thickness: .75"

o Thickness: .60"
Number of degrees of berid: 90 Number of degrees of bend: 1200

BA = BA =

C. Radius: .75" D. Radius: .25"
Thickness: .25" Thickness: .125"
Number of degrees of bend: 90o Number_of degrees of bend: 850

BA = BA 4-,

E. Radius: 1.5" F. Radius:'11.25"
Thickness: .50" Thickness: .25"
Number of degrees of bend: 30o Number of degrees of bend: 120°

BA = BA =

5 3 0

,0

""w
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MD- 667

MANUFACTURING PROCESSES
UNIT IX

, ASSIGNMENT SHEET #2--DESIGN A CASTING PART

Directions: Select S workpiece assigned below that has been welded or a workpiece selected
by instructor. Redesign the workpiece into a casting drawing on "B" size vel um or other ,media assigned by instructor, Include all dimensions antl notes nece for a patternmaker.

Problems::

A. 4nclude the following changes:

1. 1/8" high by 1 1/4" DIA boss on holes "A"

2. Finish "V" bottom surface, bOsses, and left side

3. Fillets and rounds 1/8" radius

4. Add 141" high by 1 1/2" DIA boss to front and back of hole "B",

5. Finish boss surfaces_

'M-
AO

4,
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ASSIGNMENT SHEET #2
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ASSIGNMENT SHEET #2 .

B. Include the.following changes.

1. Finish front and back surfaces

2. Use 1/4" radius for rounds

3. Use 378" radius for fillets

i

2.00

. CENTERING BUSHING

\

,

I

MD 669
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MANUFACTURING PROCESSES
UNIT IX

ASSIGNMENT SHEET #3--DESIGN A FORGING PART

Directions: Seject a workpiece assigned below that has been cast or a workpiece selected
by instructor. Redesign the workpiece into a forging drawing on "B"I size vellum or other
media assigned by instructor. All draft angles are to be 7. If necessary, redesign shape, but
hold bearing surfaces true. Include all dimensions and notes necessary for a forging design.

Problems:

A

L 2
;

-4 DRILL-2 HOLES IN LINE

(,,,r4,,,,,,,,,,,./
, , ..... ,, 04

--)tIlli
..._

IF 1

14

I 249 I 250 REAM

FILLETS AND ,ROUNDS 1- SAW

L.
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0,

Directio
bylinst
media
assembl

Problc

A.
_

t

MANUFACTURING RROCESSES
UNIT IX

ASSIGNMENT SHEET #4- DESIGN A WELDED PART

. MD 673

s Select a workpiece assigned below that has been cast or a workpiece selected
ctor Redesign th workpiece into a welded assembly on."B" size vellum or other'

ed by i tor. Include all dimensions, symbols, and notes for the welded
Also include a parts list of raw stock

9

7
.F6 DRILL

2 HOLES
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I
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MANUFACTURING PROCESSES
k

UNIT IX,

ASSIGNMENT SHEET #5--DESIGN-A TFIEFIMOPLASTIC PART

Directions Select a workpiese below or a workpiece selected by instructor. Design a ther-
moplastic workpiece to be injection molded on "B" size vellum or, other media selected
by instructor Draw four parts attached to a common core. These four parts will be injection
molded at one time..

Problems

r

r

r

s

MD 675
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B.
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ASSIGNMENT SHEET #5

1 .00.-1
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1.06

L*1.12
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" MANUFACTURING PROCESSES
UNIT IX

ANSWERS TO ASSIGNMENT SHEETS

Assignment Sheet #1

A. [.617453 (4) + .0078 (.75)J 90 = 6.81

B. [.017453 (6) + .0078 (.60)1 120 = 13.13

C. [.p17453 (.75) + .0078 (.25)1 907 1.35

D. [.017453 (.25) + .0078 (.125)1 85 = .45

E. [.017453 (1.5) + .0078 (.50)1 30 = .90

F. [.017453 (1.25) + .0078 (.25)1 120 = 2.85

\

Assignment Sheets 2-5--Evaluated.to the satisfaction of the instructor

.

5,10

,

e

1
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MANUFACTURING PROCESSES
'. UNIT IX

NAME

MD 679

TEST

1. Match the terms on the right- wiih tbe correct definitions.

..__,_.

,

a. Bombardment of a workpiece bY grit driven
by linear oscillation of the tool1

4b

b. Process of melting materials and blowing
the melted metal on a surface

c. Removal of metal by spark in the presence
of a coolant

d. "Lost wax" process of pouring a sand mix-
ture around a wax pattern; the casting is
made by pouring molten metal into the
hardened sand shell melting and forcing
the wax out

e. Metal in plastic state formed by mechanical
working .

f. Special bo8y.designed to produce a special
cavity in or on a casting

g. Metal object formed by pouring molten
metal into a mold until solialfied

h. Reverse plating process of material removal

i. Use of an acid to dissolve metal in areas
except where acid resist is used

Pulsing technique by accelerat lectrons
that heat and cool an area

k. Chemical removal of a metal m the work-
piece

I. Process using thin sand resin shells molded of
the pattern and molten metal is poured into
the cavity

I
m. Forming or plastic deforming metals while

metal is cold

n. Precise removal of small amounts of metal by
a concentrated focus of intense heat

541

1. Casting

2. Pattern

3. Permanent mold
casting

4. Extrusion

5. Die casting

6. Centrifugal
casting

7. Automation

8. Investment casting

9. Shen molding'

10, Injection molding

1.1. Hot working
metal

12. Cold working
metal

13. Machining operations

14. Electroplating

4
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o. Operation of machine tools by automatic
programmed cuttinesequences using numer-.

, ,ical data stored on paper, magnetic tape,
tabolating cards, computer storage, or direct
information to produce accurate machining of
romplex geometrical surfaces

P.

q.

Ramming of hot plastic into a mold

Covering a metal b'y electro-deposits of
a thin coating of the same or, other metal

r. To change the shape, finish, and size by
removing material from the workpiece

s. Process of pouring metal into revolving ,

mold

t. Form used to make a cavity in sand mold
4111

u. Process of forcing hot metal into a metal
mold or die

v. Casting produced with metal mOlds plus
hydrostatic pressure

w. The process of melting or melting together
materials

x. The process of pushing metal through a
shape-formed die

y. A mechanical or chemical process to improve
part appearance, surface hardness, coat-
ability, and resistance to wear

z. A numerical control system using a special
purpose computer to operate machine tools

aa. An N/C machine or system of machints that
control the sequence of operations, tool
movement, or material movement with very
little, if any, assistance from the operator

bb. A machine that has the capability to transfer.
a workpiece from one operation to another
operation within the mathine or to another
machine

2. State three purposes of manufacturing processes.

a.

b.

C.

15.

16.

17.

18.

19.

20.

21.

Fusiom

Chentical milling

F lame spraying

Transfer machine

Laser machining

Ultrasonic
machining

Electron beam
machining

22. Electronic dis,
charge machining

23. Electro-chemical
machining

24. Chemical machining

25. Computer numerical
control machinery

26. Numerical control
machining

Surface preparation

Injection molding

27.

28.

29. Core

512
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A

3. Identify principal types of drawings for manufacturing processes.

a. b.

c. d.

A

L_

1 do

MD - 681

4. Match the

a.

casting terms on the right with the correct de-ii mons.

Complete mold 1. Riser

Top half of the flask 2. Flask

3.' rueMiddle part of the flask Sp

4. Parting lineRelief for air and molten metal to rise

5. Draft
Tapered hole in the ,sbpe of the casting
mold to pour molten metal into the mold '6. Drag
cavity

7. Cope
Bottom half of the flask

8. Cheek
Pattern taper for easy removal of pattern
from mold 9. Gate

10. Alignment pinsLine of seperation

Devices to align drag and cope

Opening for the molten metal to flow bet-
ween the sprue ahd the mold cavity

b.

c.

d.

e.

f.

Q.

h.

i.

j.

5 4 3
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,

5. Select true statements concerning design of a casting by placing an "X" in the approp-
b riate blanks.

,

or

a". Abrupt changes in sections aid in the desi4 of castings

b. Keep wall thickness of sections uniform

c. Avoid internal stresses

d. Use maXimumlmber of adjoining s tions

e. Fillet radii should be large ). than rib thicknesses

f. A finish allowance or extra metal must be included for *machining

g. Even number of spokes is better than odd number so all stress will be along
opposite spokes ,

6. Distinguish between pattern and machine dimensions in the illustration by placing a "P"
for pattern dimension and an "M" for machine dimensions in the corresponding
blanks.

a.

b.

c.

d.

e.

f.

h.

i

]

I A i
e

a b
1

-

I

[:

7. Match the forging terms on the right with the correct definitions.

a. Plane perpendicular to the direction of 1. Parting line
pressure

2. Die
b. Line where dies meet word separate

3. Die closure

c. Added amount to the die when dies do not
.4. Draftclose

,

d. Measurement of displacement of ,two oppos-
ing dies in the direction parallel to the part-
ing line of the dies

low,

54.1

J

1-

1



e. Slight excess thin fin of material surround-
ing a forging-at the parting line

f. Taper of surfaces to allow easy removal
from the die

g. Device used in shaping or stamping an object
or flat material

8. Select true statements concerning design of a forging by placing an "X" in the approp-
riate blanks.

5. Parting plane

6. Flash

7. Match tolerance

a. Sharp corners should be designed in castings

b. Use strippers and ejectors when little or no draft is used

c. Have small fillet if material is flowing toward fillet

d. AllQw generous tolerances for dies in areas of greatest pressure and flow

9. Match the welding terms on the right with the correct definitions.

a. Heating of metal by hot flame and melting
of welding rod as a filler metal

b.

d.

Heated metal
sure

is forced together under pres-

Most common process which uses electric
arc to melt edges and melted electrode as
add it iona I material

Chemical reaction between powdered alumi-
num and Powdered metal oxide which causes
them to be welded together

e. A heavy illiorent is 'passed through parts
in contact which melts and fuses the ;parts 8.
together

1.

2.

3.

4.

5.

6.

Arc welding

Destructive testing

Forge welding

I nd uct,ion welding

MIG

Resistance
welding

7. Plasma'welding

f. Parts are heated by electric current to melt
and fuse parts together

g. A method of testing materials, usually sam-
ples, that destroys their usefulness

h. An arc weld in. process in which the arc
is constricted in a hot ionized gas flow:
ing through an orifice

i. Gas tungsten inert shielding
using a metal electrode

arc welding

Gai metal inert shielding arc welding using a
metal electrode

k. A method of testing materials without impair-
ing the usefulness of the material

9.

11.

Gas-welding

Nondestructive
testing

Thermit Welding

TIG

MD 683
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1

7.

10 Select true statements concerning design ,procedures for a welded assembly by placing
an "X" in the appropriate blanks. 4,

a.

b.

c.

d.

Use standard rolled shapes such as rbeamschannelS, zees, and tees

Design for calcuted load to avoid wasting materials

Use shallow sections so bending will be needed

Design with rneximum number of pieces

e. Eliminate beveling if deep-penetrating arc can be used

f. Use maximum root opening so a great deal of filler metal can be used

g. Place welds orrlongest seams

Mateh the machines on the right vlii"th the corredt processes.

a. Making straight or circulair cats in e workpiece, b. Cutting tha workpiece by rotating the work--
pieceagainst the edge o'f the tool

,....c. .Cutting cacider holes in the workpiece
by a rotating tool

4

d. Removing tiriy particles .from -the surface
of the workpieçe by abrasive ktion

e. Cutting the workpiece by a rotating tool; the
woric.pirece is then moved back into position
for the next cut,

11!

cutting by tools going back and forth on
workpiece while workpiece is automatically
ad vanced

f:

. ,

or, pushing a broaching tool over
the workptece suiface to machine simple
or complex contours

12 N.vne four edvaroges of numencal contrqOpichinery.
,

1. Turning. machines

2. Milling machines

.3. Drill press.

4. Shaper and planer

5. Sawing machines

6. Broaching machines

7. Grinding machines

OIMIM

,

-
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13. Match plastic ma'nufaeture terms on the right with the correct definitions.

a. Air is blown into heated plastic forcing
it against the mold sides

''.

b. Pressure and heat cause material to flow
in a mold

c. Fusing together of thermoplastic materials
n

d. Plastic is forced through die of the desired
shape

e. Plunger and high frequency pteheating
mold plastic in a molcreavity

.,,

I.: .Thermoplastic material 'is injected into
. a mold and cooled

g: Preheating plastic sheets until ,limp, follovVed
by vacuum forming bver a mold

h. Conbntion of materials by heat and ores-
, sure t form a single piece

_ i. ocess in which plastisol plastic is fused
while in a rotating mold

,
14., Select true statements concerning methods of fabricating plastics.

1. Thermoplastic
welding

2. Laminating , ,-

MD 685

3. Compression
molding

4. Transfer mdlding

".
5. injection moldirrg

6. Rotation& molding
,.

7. Extrusion
,

8. Blow molding

9. Thermoforming

a.' 'Machining is used on flexible thermoplastics

., h. Welding is used for joining rigid sheets of plastic
,

,
1

c. Forming is used-on rigid plastics '

° d. Forming is used on.flexible therm4lastics"

15. Select _true statements concerning design procedures for plastics by placing an
in the appropriate blanks.

. .... .

a. Any wall thickness should not exceed 1/8" thick

b\ Draft or,taper of '7° to 100 is desirable
._

,

1

c. Holes larger than 1/8" in diameter must be drilled or formed after molding
,

c
Id.' Ribs 'and bosses must have 5° tapers

5 4 7

a ,

,-

1

f .



Niatcn sheet metal processing terms on the right with thexurrect definitions.

a Stretching sheet over die in the foFm of, .

the final product

b -Stretching sheet metal and then forming
by dies

ft

c A pattern or shape in two dimensions for
sheet Metal

d. CuttingLmetal by earin9 action

e. Using ,high energy to stlape metal such as
explosive or magnetic forming

f. Forming a sheet of metal over a mandrel
while the sheet is rotating......

g. An overbending operation to allow for the
material, to spring back into the desired

'shape

h. To form corners, edges, and seams in sheef
metal

i. Holes drilled or punched at intersection
of bends to relieve strain which would cause
metal to crack orbuc4 14

Identify the following sheet metal hems and joints.

a.

c.

I

4 ob
J.11 3

1. Bend relief
holes

Z. Metal spinnim;

3. ,Stretch forrnii,.

4. High energy
forming

5. Spring back

6. Shearing

7. Drawing

8. Bending

9. Development

I a.



18 Calculate bend allowance for 5'gage thick (.1819) sheet metal. Radius = 15"; Number
of degrees in bend 75°.

BA = (.017453R.+ .0078T)N

BA =

I , "

16. Demeinstrate the ability to:

a. Design a casting part.

b. Design a forging part.

c. Design ki welded part.

d. Design a thermoplastic part.

(pOTE: If these activities have not been accomplished prior to the tes, ask
your instructor when they should be completed.)

MD - 687
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1. a.

'4
b.
c:
d.
e.

9 f.
9.
h.
L

j.

low

MD - 689

MANUFACTURING PROCESSES
UNIT IX I

ANSWERS TO TEST

20 k. 16 t. 2
17 I. 9 u. 5
22 m. 12 v. 3
8 n. 19 w. 15
11 o. 26 x. .4
29 P. 28 y. 27 (
1 q. 14 z. 25
23 r. 13 aa. 7
24 s. 6 bb. 18
21

2. a. Removing material from origi al part
b. Adding material to original rt
c. Spreading material to other reas

3. a. Casting
b. Welding
c. Forging
d. Sheet metal

4. a. 2 f. 6
b. 7 g. 5
c. 8 h. 4
d. 1 I. 10
e. 3 i. 9

5. b, c, f

6. a. M,
b. P
C.

d. M
e. M

7. a. 5
b. 1

C. 3
d. 7

8. b,

f. M

9.
h. P

i. M

e. '6
f. 4
g. 2

9. af 8 g. n
b. 3 h. 7
C. 1 i. 11
d. 10 j. . 5
e. 6 k. 9
f. 4

550
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10. a, b, e

1 t. i. 5 e. 2
; 'b. 1 f. 4

... c. '3 g. 6
= d. 7

r

12. Any four of the following:

-

a. Greater control oVer the manufacturing procesg
b._ Higher cutting rates
c. Large time savinOs
d. RedUclion of inventory
e. Fewer machines and operators required
f. Less skill required by operators
g. ReduCed scrap end rework
h. Improved product design

13. a.

b.
, s.c.

e.

14. b, d

15. a, d

16. a.

b.
c.

d.
e.

17. a.

b.
c.

d.

8 f. 5
3_ 9. 9
1 h. 2
7 i. 6
4

7 f. 2

3 g. 5
9 h. 8
6 i. 1

4

Plain flat searn
Standing seam
Single seam
Double flange

1. BA = (.017453R + .00781")N
BA,= [(.017453(.5) + .0078 (.1819)U75)
BA = [.0087265,+ .00141882] 75
BA = .760

19: Evaluated to the satisfaction of the instructor

Mr

e*,- .41C
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SH*EEt METALDEVELOPMENTS , 4

UNIT X
.

UNIT OBJECTIVE

After completion of this uni.t, the studeht should be able to identify true lengths and true
sizes of surfaces, construct true lengths and true sizes by rotation, and construct inter
sections of surfaces and, sheei metal developments. This knowledge will be evidenced by
correctly performing the procedures ou,tlined in the.assignment sheets and by scoring 85
percenton the unit-test. -

(NOTE: Review- "Orthogrephic Views," "Georneteic Construction," and "Auxiliary Views"
from Basic Drafting, Book nvotefore attempting th'is unit.)

SPECIFIC OBJECTIVES

After completion of this unit, the student should be able to:

1. 1VLatch terms related to stleet;metai developments with the correct definitions.

2. Distinguish between visualization ofnear apd far Ooints and planes.

3. Arrange in order the steps for constructing an auxiliary view.
,

4. Identify true length lines and true sizes ofrthree view drawings.

5. IdentifY point vietvs of lines and edgt View's of planes.

6. Select true statements concerning important characterittics of.7otation.
4

7. Select elements of-single curved surfaces.

8. List methods for findingintersections of surfaces.
.*

9. Name three general groups of developmenp.

10. Calculate bend allowance.

11., Demonstrate the ability to:

6
a. Label points, lines, and pganes in views. . 1

,.. .
0

Identify true lengths and types of lihes.' .
r c

0
c. ldentrfy trueesizes and types of planes. ..
. *.. ., . , 0

4

d. Construct true,lengths of lines ar,ld true.sizes of prabes using au.xiliary views.
,

... .,
.e, Construct true Lengths of lines by rotat / .ion. .

'
'4..

.,
4 .

552
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*OP

Construct tale sizes of planes by rotatkm.

9. Locate elements of single curved surfiegs.

h. Construct intersections of 'surfaces.

i. Construct intersections of surfaces using two-view method.

Construct radial line developments..

k. Construct parallel line developments.

I. Construct special developments using triangulation.

t
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SHEET METAL DEVELOPMENTS
UNIT X

SUGGESTEDATIVITIES

I. Provide student with objective sheet.

I I. Provide student with information and assignment sheets.

I I I. Make transparency masters.

I V Discuss unit and specific objettives.

V. Discuss information and assignment sheets.

VI. Tour a sheet metal fabricatim plant.

VII If possible, have students construct models from sheet metal or cardboard.

(Nbte: Used aluminum plates from the local newspaper tould be a source of
metal. Caation the students that sheet metal can cut hands very easily.)\

VI I I. G ive test.

AP
INSTRUCTIONAL MATERIALS

li lnclucji this unit:

A. Objective sheet

B. Information sheet

C. Transparency masters

1. TM 1--Near and Far Points and Planes

2. TM 2--Observing Points and Planes

3. TM 3-- Labeling Points, Lines, and Planes

4. TM 4--Steps for Constructing Auxiliary Views

5. TM 5--True Lengths of Lines

4. TM 6Identifying True Lengths

7. TM 7--Observing True Size Planes

8. TM 8-- Identifying True Sizes

\9. TM 9--Point Views of Lines

*

5,, 1

,
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10. TM TO--Edge Views of Planes

11. TM 11--Rotation of a Point

12. TM 12--True Lengths by Rotation

13. TM 13--True Sizes by Rotation

14. TM 14-Elements of Single Curxbd Surfaces

15. TM 15--Intersections With Edge View Given

16. TI\/116--Intersections Using Auxiliary View's
t

)

17. TM 17-intersections of Cylinders

18. fM 18--Developments

19. 'TM 19--Radial Line Developments-Pyramids

20. TM 20--Radial Line Developments--Cones

21. TM'21--Parallel Line Developments--Prisms

22. TM 22--Parallel Line Developments--Cylinders -

23. TM 23--Triangulation
...----

D. Assignment Sheets

1. Assignment Sheet #1--Label Points, Lines, and Planes in Views

2. Assignment Sheet #2-Identify True Lengths and Types of Lines

3. Assignment Sheet #3--Identify True Sizes and Types of Planes

4. Assignment Sheet #4-Construct True Lengths of Lines and Trite Sizes
of Planes Using Auxiliary Views ...

t

5. Assignment Sheet #5--Construct True Lengths of Lines by R6tation

6. Assignment Sheet #6--Construct True Sizes of Planes ft Rotation

7. Assignment Sheet #7--Locate Elements of Single Curved Surfaces

8. Assignment Sheet #8-Construct Intersections of Surfaces

9. Assignment Sheet #9-Construct Intersectipns of Surfaces Usingarwo-
View Method I

-.40. Assignment Sheet #10--Construct Radial Line Developments

11. Assignment Sheet #11--Construct Parallel Line Developments

12. Assignment Sheet #12--Construct Special Developments Using Triangu-
lation

,

c,

.0 3 0

a

I
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%

E. Answers to assignment, sheets

I - MD J 695
ti

arow.s... ....*.F. Test .

0
G. Answers to test

I I References

A. Giesecke, Frederick E., et. al. Technical Drawing,. New York 1.0022.: Mac-
millan Publishing Co., Inc., 1980.

B. Pare, E. G., Loving, R. 0., and Hill, I. L. Descriptive Geometry Metric,
5th ed. New York: Macmillan Publishing Co., Inc., 1977.

C. Earle, James H. Descriptive Geometry. 2nd ed. Reading, MA: Addison-
Wesley Publishing Co., 1978.

d. Slaby, Steve M. Foildamentals of Three Dimensional DescriptiveGeometry.
2nd ed. New York: John Wiley and Sons, Inc., 1p76.
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SHEET METAL DEVELOPMENTS
UNIT X

INFORMATION SHEET

,

I. Terms and definitions

i

Mb 697

A.. True length of a line--The exact measurable view of the exact length of
a linl found by observation, projection, or calculation

,

B. True size of a surface--The exact measurable view of "the exact size of a
surface found by observation, projection, or calculation

C. Development--A pattern of the true sizes of unfolded or unrolled surfaces
arranged to be folded to the desired shape

D. Bend allowance (BA)--An additional amount of material necessary when
making a bend

(NOTE: Usually BA is calculated for material-over .65 mm.)

E. Radial line development--The development of objects that can be developed
due to elements radiating from a single Roint or vertex

,
Examples: Cones, pyramids ,

_

Parallel line development--The development of objects that can be developed
due to parallel elements on these surfaces

. Examples: Cylinders, prisms

G. TriangulatiP-rj--A method of developing surfaces not possible by the parallel
tine or radial line methods

Examples: Trarisition pieces, hoppers .

H. Warped surface--A ruled surface that cannot be developed

Examples: Oblique helicoid, cylindroid, many exterior surfaces oh an
airplane, approximation dqvelopments are possible

I.
4i

Right section--A cutting plane perpendicular to an axis of a three dimen-
sional form-

(NOTE: The,axis may be the center line of a cylinder, cone, or true lengths
of a prism, square, or hexagon shape.)

J. True length diagram--A diagram of the true lengths projected from the
normal views ,

K. Elemerits of a surface-- Ruled lines on the surface of geometric shapes
e

L. Single curved sUrface--A ruled surface generated by a straight line that can be
' developed ,

557
)

I
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INFORMATION SHEET

M. Double curved surface--A surface which has no straight line elements and
cannot be developed

Examples: Sphere, cone, paraboloid, hyperboloid, approximation
developments are possible

Alb

N. Ruled surface--Any surface generated by straight lines

(NOTE: This may be a plane, single curve surface, or a warped surface.)

0. Conic section--The intersection of a circular cone and e plane

P. Stretch out line--A line tAt is perpendicular to each element on which
' a parallel line development is unrolled or unfolded

Q. Transition piece--A piece that connects two differently shaped conductors

R. Master layouts--Original and complete developments of parts used for
reference and checking

S. Contour templates--Templates to exact contour of part used for checking
parts at production stages

T. Shrink templates--Contour templates made with a shrink scale for die maker
and foundry

U. Bend line--Where bend starts

-Formed View Developed View

Bend Lines

Mold
Bend Lines

Lines
Bend Allowance

V. Mokl line (ML)--The intersection of two adjacent surfaces

Set BaCk

(NOTE: Inside surface intersections are called "inside mold lines" [IML]
and outside surface intersections are called "outside mold lines" [OML] .)

W. Relief holesDrilled or routed holes at intersectiork of bends to'relieve
strain which would causermetal to crack or buckle

X. Rotation--A methoeof projection in which the observer stays stationary
and the object is rotated for different views of the object

%,

"lbw



INFORMATION SHEET
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Y. Folding line--A reference line normally between two views representing
the edge of a plane of projection

II. Visualization of near and far points and planes (Transparencies 1, 2, and 3)

A. Near points and planes (Transparency 1)

1. Top view--Points or planes are near you when they are observed in
the front view closest to line of sight (LOS)

2. Front view--Poirits or planes are near you when they are observed
in the top or side view closest to the line of sight (LOS)

3. Side vOw--Points br planes are near you when they are observed in
the front view closest to the line of sight (LOS)

B. Far points and planes (Transparency 1)

1. Top view--Points 'or planes 'are.far from you when they are observed
in the front view far away from or on the other side of the line of
sight

2. Front view--Points or planes are far from you when they are observed
in the top or side view far away from or on the other side of the line of
sight

3. Side view--Points. or planes are far from you when they are observed
in the front view far away from a on the other side of the lineoof sight

C. Points are observed when: (Transparency 2)

1. Line of sight is parallel to a true length line

2. Two lines intersect

D. Planes are observed when: (Transparency 2)

1. Line of sight is perpendicular to an edge view in which case the observ-
ed plane is in true size.

2. Line of sight is inclined to edge view in which case the surface is not in
true size

(rsOTE: In principal views, the surface is inclined if LOS is inclined
to the edge view.)

3. Line of sight is,oblique to edge view in which case the surface is not in
true size

(NOTE: In principal views, the surface is oblique iran edge view
of ipe plane is not observed. In other words, the plane appears not in
true size ir all of Os principal planes, and no edge view is observed.)

5 '--
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INFORMATION SHE&

.E. Label points,. lines, and planes .(Traniparency

. Ii. Use lower case letters for points
b
2. Use T for top, F foc front, and S for side Jiew

A

111. , eteps for Constructing an aUxiliarY view (Transparency 4)

\ 7

.

4111

' ,

:
/. 8. Selict line of.sight to get desired /Ow

A

A. -Label. paint's of entire object or certain lines or certain planes where an
auxiliary view isoeeded .

Example: Find TS r.1 plane abcde et'

Example:
.

Line of4sight is pgrpenaicular to ;dye view, of plane abode
that is to be drawn true sire

a

.0

;

I

4.



a

14:

MD 701

INFORMATION SHEET

Locate referenee or folding line in the adjacent view in either of the follow-
ing places--back, middle, front, or between views

(NOTE: When line is between views, it is called a folding line. When line is
on the object, it is called a reference line.)

Example: e The back is selected in the top view

11

Reference
Line

C2

ziab
cie <r., 0

ot,CN NO 4,cr. 4k,

o o e
Re

D. Draw referente or folding line in awxiliary view perpendicular to line of sight
at an adequate distance from edge of front viety

Nib
5Ci

1

S.
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INFORMATION SHEET

E. Draw light projection lines from the points of the view parallel to the line of
sight

(NOTE: Projection lines will be perpendicilar to reference line.)

Example:\ Draw projection lines

4.

i

,

c.,

\*\

,.

..

F. Transfer distances from adjacent vieIv in relation to reference plane using
dividers

EXample: Transfer points a, e, d. Since b and c are on reference line.
r mark the points on the refvence line

G. Connect points in auxiliary view that are connected in adjacent view; darken
. lines

VI

Example: Connect points abcde and back to a

.
(NOTE: Notice the similar shape of the surface has 5 lines in the top view
and 5 lines in the,auxiliary view-)

i t
_

I

r) c 2



INFORMATIO SHEET

IV. True length lines and true size planes (Transparencies 5, 6, and 7)

A. Tr'ue length lines are observed wheri: (Transparencies 5 and 6)

1. The' line of sight is 'perpendicular to a line--an oblique line
b1.

-.1rucz31110T5 :103

a
2. The folding line is parallel to a line and line of sight is perpendicular to

line--an inclined line

5 C 3

Ft
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INFORMATION SHEET

3. The line of sight points to the point view of a line

-15 al
/b

TL

b

4. Both lines are'parallel to the folding line--a normal line:

a

a .

TL

t

TL

bT

bF

f
t) t, 1.
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INFORMATION SHEET

Ir
B. True size of a plane is observed when: (Transparencies 7 and 8)

-
,

MD - 705

1. The line of sight is' perpendicular to the edge view of the plane-al
inclined plane 4,

F. b

9

b
,

2. The
,

folding tine is parallel to an edge view--a normal plane

I

.

ao

,

,

,

:-.

;
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INFORMATION SHEET

V. Poini views of lines an.c1 edge views of planes (Transparencies 9 and, 10)

A. P6int views(PV) of lines aireobserved when: (Tr nsparency 9)

1. The line of sight is parallel to true length ) lies .

bs . LOS

a
>-t.

T

bF

2. The folding line is perpendicular to tile true length line

a x b1

a
1

B. Edge views (EV) of planes are observed when: (Transparency 10)

1., The line of sight isparallel to a true length line in the plane

S.

1.4
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INFORMATION SHEET
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2. The line of sigtat points to any view of,a true size'plane, arld the resdlts
\vill be edge views

, .,.

VI, Rotation characterittics (Transparencies 11, 12, and 13)

(NbTE: Rofation is an easier way to find TL andIS.)

Q. The path of rotation of any point notIon the axisappears as a circle in a view
showing the axis of rotation as a point

A

13.0°

Point -Pa" is revolved 130° to "ar"a r

Point view of aXis

EV of path of rotation

`'

TL,

Axis

Path.of rotation is 1_ to axis



708

4.

INFORMATION SHEET

B. The plane of the path of rotation of any point appears in edge view (EV)
and perpendicUlar tO the axis in a iew showing the axis of rotaton in true
length

C. True.lengths by cotaticip (Transparency 12)

1. = A line may be rotated until it is parallel to a principal plane

2.. The lineIs projeCted onto the adjacent plane

#

bT

!

bF

0 /--1 l?F
\

3. Since it is.ParalleV to the folding line, it is in true length in the adjacent
plane

bT

bT

4/
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INFORMATION SHEET
.

D. True sizes by rotation (Transparency 13)

i

MD - 709

). An edge view may be rotated until it is parallel to an orthographic
. .plane

i

1

.

4

411

r

c.

5.

i

i

.

5

I

-WY
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1

r

,

INFORMATION SHEET

2.
.

The edge view is then projected onto the plane and is in true size

(NOTE: In this .example, edge view is found by constructing horizontal
line ax in froot view and projecting TL line in top view.)

4 Constructed line is in
true length

I.

r

b 1 LOS is parallel to
co!?structed true length

r

Line constructed
parallel to folding line

4

,

-

,..,

.VII. EleOents of single curved turfaces (Tran... . ,. .b .. ..
A. Cones--Veriex to-base

Ow

i.

,

,

4

...

;.

.,

arency 14)
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INFORMATION SHEET

Example: LPcate point b on surface of cbne in side view

1, Project from vertex OF through b to base of cone point W to make
element OWF

,

..
2. Project p9jrit W to side view to base of cone WS and connect OS to

WS:to make element OWS

me

, to

,

a Project point bFsto find answer at element OWS
o. . -

B. Cylinders-Parallel to center,

,

,

,

- e-J i 1-,, 1

,
,

4

.,

,

. Element
of surfaxe

MD- 711
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INFORMATION SHEET

Example: Locate point n'a" on surface of cylinder

F S '

1. Project element xy throulh "a" intersecting circles in side view

2.. Project intersection of X and Y, to adjacent edge
connect to form element-in front view,

(NOTE: One line is all that is necessary because
to center of cylinder.)

.. ,
1

.

3. Project point "aS from side view" 'to find answer to
X'Yr iri front view

572

view of circles andi

element is parallel

probleM at elerhent
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INFORMATION SHEET

Methodsffor finding inter:sections of surfaces

A. .Edge view (Transparency 15)

Example:.

,

1. Whets( edge,views ere given existing 15iercingogoints can be readily
located and projected

i Visibility requires logical ih'inking of the'position of the line of sight
and what is near the ,observer,and what is far from the observer,

.. 3;1- Ppints .5 and 84carLbe o6serveti in to*, view where lint ni irgtersects
the two edge views4, )

e
1

4.: Points &ad 9 ean be observed in side viewwhere the edge's of Oe
plane gr!'. intersected by cd and Ice .

4
r

, 4"t 0_

,e



i

714

e ;

,

INFORMATION SHEET

B. Auxiliary view method (Transparendy 16)

Example:

I

:

b
-

1. Construct an auxiliary vidtv to give edges of surfaces

a. Line zw is in TL in top view

b. LOS is parallel to TL to give edge views qf the -piahes in the
auxiliary view

2. When edges are constructed, piercing points may be readily located
and projected
..
(NOTE: The two view method can be u o find additional piercing
points.)

3. The two view method of piercing points is used to'find where line
zw and line xy intersect the planes adc and adb

4. Visibility requires logical thinking of the position of the line of sight..
and what is near the observer and what is far from the observer

1,

.4 57.1
4 4
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C. Cylinders intersecting (Transparency 17)

cy

YF

2

1. Locate elements on surface of cylinders

2. Find their intersection

3. Use correct visibility

D. Approximate intersections

1. Large diameters--Use radius of larger cylinder

Do not project xF use radius of larger diameter

-f

MD 715
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2. Small diameters--Ignore intersection

)

. If very small,omit intersection

<

IX. - General groups of developments (Transparency 18)

A. Radial line (Transparencies 19 and 20)

Example: Cone, pyramids

B. Parallel line (Transparencies 21 and 22)

Example: Cylinders, prisms

C. Triangulation (Transparency 23)

Example: Transition pieces, hoppers

X. Bend allowance calculatiork

v
7

(NOTE: Refer to "Manufacturing Processes'', Unit IX of. this book for a review- < .

of bend allowante.)

Bend allowance mealured
. on neutral axis .

'

Neutral axis

t,4 A. Calculate for materials thicker than .65 mm
..

I

%



INFORMATION SHEET

B. Use formula:

..... BA =-- (.017453R + .0078T)N

t

.,

BA = Bend allowance
R = Radius of bend IMLs

T = Metal thickness 1,44
N = Number of_degrees of bend l

Example: Radius = .75"
Thickness = .25"
Number of degrees = 1300

BA = (0.17453R + .0078T)N

BA = .017453(.75) + .0078(.25)(1300)

1.96"

I

0

t: .1 F
4..1 JI i

i

I?

,.

,

MD 717

t

,
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^ Near and Far Points and Planes
(Observer Looking Down On Top.View).

A

Line cif Sighi
(LOS)

c

Folding
Line

' J

MD 719

Near .observer_..
sp.,. .,

-- Neat Obse.,mer
6.. 2

C Far from observer. .

,'
. 1. ar.----

67
II:

..7.

(Observer pokinO.On.Right Side of-,Ot:jrect) :

Lts P,:oints -a b -c4:1 e ,f" g h.
13: .'re neat. observer

Points x y z w
are far from obse.r.ver.. .

*-

4

.h w

f

57S
TM1
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Observing Pointi and Planes

ei;

.
...di"

p

cs

- `II,

4

kS)

St

a!

a1, b
Point View -(a)

.

'Point is what you
Eye see of a line

-

Poirit Vfew.
as icOrner of en 01-4ect.

Paint

r

so. S.

dge' View (EV.)
z. of Plane.

rtr

cr.
. r

11.

NOt True Size
a

Planes

True Size Plane

TM 2
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Labeling Points; Lines, and Planes

.
141.

I.

\

10

4

(NOTE: The labeling of points, lines, 'and planes
on this transparency are meant to be
supplied by the instructor.)

4

4.

TM 3
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Steps for Constructing Auxiliary Views

1

. a.

.Folaing,Line. Method'
r

Line df 8ightLOS
R. ,..F0ldi116

P roject to- Pol.di ng'tfn
- .g

. -
,.. . &. it,.

N.
..w... ,,*

." r v
...

1,
.., . ,

..., i , .

.

i." -
. "'4 t t,

.,.

g.. Trähefermthncep,
'icdrnple..,te'the View

,
, 1

a

s 1 :

. . 1 - 1: .,
.. ,-.- ,

4 -..r'I' *
.....r .: so 111.4. ' r a'd. __

:

o
.

6 'a ; . t,.-
AO t. t/ 4:,.

- 4:4*, . .
-.

..,.;
. -

.1

e

'IS
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a

a

-

Oe-

a:*
.4. ' .

7:1 ,
;:identifyingTrue Lengths

TL .

TL

Not TL

± a bS

S Point VieW

Inclined Line

F S

Normal Line

Not TL

Oblique Line ,

MD 1'29
a

Not 31'

Ar

TM 6
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MD 731

0
1 .

_

Observing True Size Planes

. \

.
1

5/.

Line of
Sight i
To Edge,
View

c

.

,

Folding Line
Parallel to 1

Edge View

,

1

/

TM 7
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F

Identifying True Sizes

9

rue Size

a
c

Not TS

Inclined 6urface

, Normal Surface

AIL

A

'MD 733.

Similar Shaped .

SU rfaces 1 ,

, f a

e
Similar Surfaces
NotTS

N s r
alb

a

1

Oblique Surface

5,5

i

Not TS

TM .8
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Edge Views of Planes

,

X z

s
...

LOS Parallel to TL Line
irl' the Plane

LOS Pointing to any ,

View of TS Plane Will
GiVe an Edge View

0 ,

,

MD - 737

Oblique Plane
1. Construct TL line af in one view.
2. Find point.view of TL line.
3. The result is an edge view of

the plane.

v

\
TM 10
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Rotation of a Point

.,

130°
,

sko

/
t;

r

MD 739 ,

Point"a*
rOlated 130°' 1

. bbirnterclockwis-e
aboutline xy

Edge of path
of rotatiob

:

4

T
F

.

4

TL

t

\

Point view
of axis.

1

Axis

e

Perpendicular to

F
axis-

a A

*.

ois °

..

..

..

r.
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True Lengths by Rotation

a

(a)

(b)

'MD = 741'
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True Sizes By Rotation

.
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,

I
I

of
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, -Axis
b .,--

r
S

o

)

i
.....i MD - 743

5J,')

/
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,
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Intersections With Edge View Given

,
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Intersections Using Auxiliary Views

TM 16



Intersections of Cylinders

,

c

-

;

OW 4-

) I

.4

(

I
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."..:4

,

Projection

Small Interseqions

Ignore

...

EP"

,

)1k 1 ../

..

1
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i

Approximate

%

TM 17

Ai.



,.+

,

..

4

1

Developments
Bend Lines-7-/

MD 753

_

. \r Finaj Shape

r A
.

(Ai (p)
Radial Line Parallel Line

Develdpment,

(C)
Triangulation

r7 11
1 ley k)
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Radial Line Developments.
4 Cones

14
4c;t7

I

"A" Distance may be
stepped off, or use the
formula

d = 11 360°
B
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SHEET METAL DEVELOPMENTS
UNIT1)(

ASSIGNMENT SHEET #1--LABEL ROINTS, LINES,
AND PLANES IN VIEWS

Directions: Using the drawings accompanying each problem, label all pomts on the view
indicated, and answer the questions. Refer to Transparency 3 for examples.

Problems

A. Label points on front vie/

UM

t

r.

1. How many surfaces are normal?

2. What surface is inclined?

a

gf
'd

rn

110

765

I I



766

a

B. Lapel points on top view

ASSIGNMENT SI:IEET 1

.4-

vt kl ab a b Iv

Oft

1. What surfaces are inclined?

e
wi-

rs ug

2. Do you see the similar surfaces of the inclined surfeces?

(NOTE: If you don't, ask your.instructor for assistance.)

3. Is surface hgutfe normal, inclined, or oblique?

4. Is surface abcdef normal, inclined, or oblique?

(1,
k.1 4



AS.IGNMVdT SHEET #1

C. Label lines indicated

Example:

1 .

3.

L_

a

2.

4.

6

.

MD 767

4,



r
Label projected surfaces indicated

c
Example:



1

ASSIGNMENT SHEET #1

2.

4.

5. 6.

a
eer 4

a

MD 769

c d
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t

5

7.

8.

ASSIGNMENT SHEET #1
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SHEET METAL DEVELOPMENTS
UNIT X

ASSIGNMENT SHEET #2--IDENTIFY TRUE
LENGTHS AND TYPES OF LINES

MD 771

Directions: Identify true lengths and types of lines for the following problems. An vxample
is included and is to be used as a review of the matenal covered in the infamation stieetand
Transparencies 4 and 6.

Example:

1. Normal line--Is in its true length in two views and a point view in a third view

9

a TL
b

F S
TL b -4a,b

a

f -4- a,b

a F-S a

TL TL

b b

a

eel

TL
a

4`

F S

TL
a,b

a b,

2. Inclined line--Is in true length in one view and.not in true length in the other two views

a b

3. Oblique or skewed line--Is not in true length in any view

6 u

F S

a

a

JO;

FS

S

"N.



77Q

.0.

i

,

t

v

ASSIGNMENT SHEET #2

"

\APPIProbJems Complete the tables by idehtifying all true length lines and non-true gth
lines, and indicate if line is normal,'inclined, or oblique.

A. n f

_

ill

k

1

1

I

.f' ...

.,

A. *"..... r d

h c

g

TOP

k

m

n

b

h_ _ _ _
i -...

.. ..
d

f
FRONT

e

b.

a

a

e

g

4

LINE

-4'
VIEW
TL

IS LOCATED

,

NON-
TL

TYPE OF LINE
NORMAL INCLINED OBLIQUE

ab Top & Side --

cd --

hc

ef Side

nf Top & Front

gf Top & Side

hj .

id Front Top & Side

eim , __ '
,

Irn

og Top & Front X

I

Gus

,

si



1

\

is

B.

.

t

4

a

u

I

- d

h

t

w
p- s

ASSIGNMENT SHEET #2'

TOP

e

c

c

a //

r k j
FRONT n

b

I

b C er.

m

1

9

h

/
,

,c

// \

w

I

\

r
n k

SIDE

MD: 773

i

,
.

TYPE OF LINE

LINE

VIEW
TL

IS LOCAT D
NON-

TL NORMAL INCLINED OBLIQUE

cb

go , Front & Side - ,

he --
\ S X

fg ' Front & Side
,

fb -- Top, Front; & Side

ab . -.

gb , ,
o

op & Front

hi Top & Side
v..

.

-
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SHEET METAL DEVELOPMENTS
UNIT X

ASSIGNMENT SHEET #3--IDENTIFY TRUE SIZES
AND TYPES OF PLANES

DirectiOns: Identify true sizes and types otplanes for the following probleKs. An example is
included and is to be used as a review of the material covered in the inforas440n sheet and
Transparencies 5 and 6.

Exargple:

1. Normal plane--Is in true size in one view and in edge view in the other tws, views

a.

c. cT

EV

a d

a b

EV

b.

S
d d cS

a EV b

a

S.

c
F

TS

a EV eT

a d

TS

c F

EV

b c5
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It.

,

ASSIGNMENT SHEET #3

2. Inclined plane-:Is not in true size in any regular view but can be observed as two similar
surfaces in two,views and as an edge in the other view/

,

EP

a.

T k .

6T

Similnar.Shapes

h

b
g c

F S

b

{1

(NOTE: Observe the similar surface with the same number of points and lines. The
similar surfaces are not i5true size.),

t

4. 4

,

$

C 1 1

,

I

t.



.,

-

V

S.

.4

.

. 7

C.

,

e

ASSIGIIMENT SHEET #3

3.. Oblique plane--Is not in true,...;ize in any regular view; it can be pbserved in
views as similar surfaces b

- a.

0

Mal

a
,.

a

k

;

i

t

. \\......_.

ree

MD 777

I

,

4.
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(NOTE: Observe similar surfaceshree views.)
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ASSIGNMENT SHEET #3

Problems: Complete the tables by identifying all true size (TS) planet and non-true size
planes, and indicate if...plane is normal, inclined, oroblique.

w r

TOP

PS
k

FRONT n

rT1

0 P 'w r .

fl k "
SIDE

,

PLANE
VIEW TS

IS LOCATED

# -
VIEW NON-TS
IS LOCATED

ViEW Et)GE"
VIEW IS

LOCATED

.

TYPE OF PLANE
.

NORMAL INCLINED OBLIQUE

cbf -- 'Top
g

-

abcde Top ..

.
.

Frok
& Side

/ .
.

,.....,

deh
. .

- X
,...

tmlu Top --
.

1 Top &
Side ,

_

..

bfg

' i .

Top &
Front

..-...

,

61 1

^
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B.

a

e

,

ASSIGNMENT SHEET #3

m

¶
h

d k c . .
i

i

f

Top

,

,

,

,

,

b

,
f
k

i

/
/

Je a

/
o.--
n

iIrn

it

qr

r.

g

h

1

Side

PLANE
VIEW TS

IS49tATED
yIEW NON-TS
IS LOCATED

VIE# EDGE
VIEWJS

LOCATED
TYPE OF PLANE

NORMAL. INCLINED OBLIQUE

abcde
-....

-- Front
& Side

bgfc Top &
Side

Front

rst ...-- X .

mpni .
.

Top. ._

,

front
& Side

,
..- ,

c

. ..

end
,

.

,

61,4. 0

,-

I;

%.

0

1



SHEET METAL DEVELOPMENTS
UNIT X w

#4--CONSTRUCT TRUE LENGTHS lINES AND
TRUE SIZES OF PLANES USING AUXILIARY VIE S

Directions When a line is oblique to any principal view, an auxiliary tew is required to find
the vue length. When a plane is inclined or oblique to any princip view, an auxiliary view
is required to find tthe true size. Construct true lengths of lines a d true sizes of planes and
label the points.

40

MD - 781

)

(NOTE: Refer to "AuXiliary Views", Unit VI of Basic Drafting,. Book Two for .specific
examples.)

.Problems:

A. Construct true lengths of the lines marked AB below using auxiliary view method.
Label the pdints, and label the true length lines with TL.

bT

a

bF
3. 4.

2. (Sheet metal).

.13T .
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ASSIGNMENT SHEET #4 as.

B. Construct true sizes of planes &larked below using auxiliary views. Label the points,
and label the true size with TS.

°-
a

1..

3.

a

AD'

dT

4.
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SHEET METAL DEVELOPMENTS
,

UNIT X

ASSIGNMENT SHEET #5--CONSTRUCT TRUE LENGTHS
OF LINES BY ROTATION

MD 783.

Introduction: In your previous study of orthographic projection and auxiliary views, the
related principal views of an object are found by changing the position of the observer. This
is the same as saying change the position of the line of sight. Different views of an object
can allso be obtatned by rotating the object while the observer (LOS) sfays stationary. This is
the same as a fixed-viewing diFection (see Transparency 12). Rotation eliminates some of
the auxiliary views previously needed. Rotation Also,adds the problem.of confusion from
overlapping views. This confusion can be reduced by using different colorecloDencils, by
using overlays, or as in the case of developments, by u`sing true length diagrams.

Directions: Construct true lengths of lines.by rotation as outlined in the procedure of the
following example.

Example:

1. Select axis of rotation

,
a. Any one of the following could be chosen: A, B, C, or D; it must be perpendicular

to the folding line
..

...
-

b. Your choice siepends on what view you want TL in and what point you Ant
rotated ..

a

c. In this example, axis "C" was chosen So TL wil) be in front view
I Tb?

This one chosen C (=>

pis .1

S.

. ..
.

. .. . .

4:

,
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ASSIGNMENT SHEET #5

2. Construct path of rotation perpendicular to axis through the point to be rotated

Edge of
Path of rotation

3. In the adjacent view, construct a path of rotation from "t; to (position where "ab"
will be parallel to the folding line: mark new point br and project to adjacent view

Path of rotation

b br

4. Connect "a" to the new br in the ftorit viOw; mark it TL

Parallel

(NOTE: Line abr is in TL because it has been rotated parallel to the front plane or
perpendicular to the LOS.)

.8



Problems:

A. Find TL in front viaw

ASSIPNMENT SHEET #5

s

C. Find TL in side view

4

B. Find TL in top view

D. Find TL in front view

6L'u

MD 785
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4.

4

P

E. Find TL of ab and ac

O.

ASSIGNMENT SHEET #5.,

,.

F. Find TL of ab, ac, and ad

c,

(

,

TL of ab =
TL of ac =

,

1--

TL of ab =
TL of ac =
TL of ad =

i

. .

')

IN f ) 4f

0 4., i

-,

r It
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SHEET METAL DEVELOPMENTS 1

UNIT X

ASSIGNMENT SHEET .#6--CONSTRUCT TRUE SIZES
OF PLANES BY ROTATION

, .
Directions: Construct true sizes of planes by rotation using the procedure in the following
example as a guideline.

Example:

1. Construct or identify edge view of plane s shown in a abd b

b. -

a
a.

.d

2. Select axis of rotation

bF

b.

,

a. Any axis could be chosen, but it must be perpebdicular to the fordiw Line next to
the edge vie'w

9

b. Your choicel:lepends on what points you want to rotate

6 "9
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I

- ......I

1
ASSIGNMENT SHEET #6

-,

3. Construct the edge of the path of rotation perpendicular to axis through the points to
be rotated

\.,

Edge of path of rotation

b br

a. b.

,

1

,

4. In the edge view, construct a path of rotation from center' point to a position parallel
to folding line, and mark new point

/

5: Connect all points forming true size of plane

B.

-

6I ) f )
., J

F



,

.;

4

r.

r

I
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ASSIGNMENT SHEET #6

C. D...

b

c

b

c

VA

04_
f,

_

c

...

e

I

MD - 789

fj

1
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L,

,

(..

11.

I
\

ASSIGNMENT SHEET #

G. H.

i

.. I

-

,

..

\

\

ft/

r

G
eo 9 )

,

1

,



SHEET METAL DEVELOPMENTS
UNIT X .

41
ASSIPNMENT S'FIEET #7--LOCATE ELE:MENTS

OF SINGL CURVED SURFACES

IDireCtions: Locate elements on. the surfaces of the following single curved surfaces to
locate,point "a" in both views..

Problems:

' A. Cones

3. 4.

MD - 791

(NOTE: Two answers are possible for problems 3 and 4.)

6

4r.
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B. Cylinders

ASSIGNMENT SHEET #7

(hOTE: Two solutions are possible for these problems:)

1.. 2.

3. 4.

6 "

D



:

..

N.,
1

\

4Ia

o

MD 793

, ,SHEET MET.AL DEVELOPMENTS
X

't

.. ASSIGNMENT SHEET #8--C NSTiRUkr INTERSECTIONS,OF.SURFACES

. .

Directions: Construct intersections of surfaces using edge views. The, procedure in the
following example is to be used as a guideline f-or solving the prolems.

Example.
*

1. Identify and label all edge views (EV) and label all points

(NOTE: If edge views are not given, use auxiliary views tc; find them.)

a.

a

,

\

C "2

,

41

V

,
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)

I

1

4

. ASSIGNMENT SHEET #8
,

1* 2. O erve edge views and circle points at the end of lines that intersect the edge views-
thes are called piercing points

a. Since all three piercmg points are not on the same-plane, line "be" should also be
circled to make the line of intersection continuous.

b. Cirqle piercing points where "be" intersects the edges in the side view
f

't

d

a b

f
e

f

.

4
3. Follow ,the line of intersection between the two objects numbering them as you go

...l

a. 1 and 2 are on the same top surface

(NOTE: Point 5 is hidden and is on the bottom surfa-ce.)

b.

c.

I

,

!
.Line 2-3 is on the top surface

Line 3-4 is on the bottoft .surface

ffl,"

d. Line 4-5 is on the bottom, surface
/

I

e. Line 5-1 is on the bottom surface .

f. The line of intersection is continuous ending with the same start point; your
ability to vispalize is very important in this process

i 1

,

0 ,a

e



so

,

;

Ai ASSIGNMENT SHEET #8

4. Project piercing points to front view intersecting corresponding lines; circle inter-..
sections

,

/

I

(NOTE: Points 2 and 4 must be projected from the side view. Another method for
finding the piercing point of a line and 'a plane is the two-vlew method which will be
covered in Assignment Sheet #9.)

5. Connect piercing points to form line of intersection; use visualizing skills to determine
visibility and if lines are near the155;rver or far from the observer

,

..

6 I I 1
klI I

1

2

3

,

,

MD 795
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A6SIGNMENT SHEET #8

Problems:

Construct line of intersection between the parts shown. Circle piercing points and number
line of intersection on all views.

A.

B.

' .



C.

D.

1

/ -

1

e

ASSIGNMENT SHEET #8

ft.

s

s

1

MD 797

40.

,
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UNIT Xes,. .i .

,

c

0

ASSIGNMENT SHEET #9--CONSTRUCT INTERSECTIONS
OF SURFACES USING TWO-VIEW METHOD

MD - 799
et

Directions Use the following example as a guideline for solving the problems of construct-
ing i ltersections using the two-view method.

Example:

1. Identify and label all edge views if given and label all points

I
b

2. Take each line independently and locate its piercing point on the surface
,

a. Extend
.
the line until it crosses two lines cb and bd on the plane you expect

it,to interseci; label intersections #1 and #2

(NOTE: In this method, the line is marked EV to indicate the edge of an imagin-
ary cutting plane.) b y

, A. , EV

4

:

0
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I

ASSIGNMENT SHEET #9

b. Project points 1 and 2 to adjacent front view to intersect lines cb and bd
b

- ,

+Oh

EV

x

d

c. Draw a line between 1 and _2 where it intersects the line Y--that is a piercing
point, mark piercing point, and project back to the one that we marked EV

-

c

C " Ii l1



ASSIGNMENT SHEET #9

d. Use the same processlo locate all piercing points
"nem

MD 801

e. Connect pie,rcing points to form line of intersection; use visualizing skiQs to
determine visibility and if lines are near the observer or far from the observer
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ASSIGNMENT SHEET #9

-A

Problems: Construct line of intersection between.the parts shown. Use two-view method
where appropriate. Circle piercing points and number line of intersection on all views:

1

B.

ft

0 . 0

,



C.

ASSIGNMENT SHEET #9

.
OA

1

I

-

t
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SHEET METAL DEVELOPMENTS
UNIT X

ASTiNMENT SHEET #10--CONSTRUCT RADIAL LINE DEVELOPMENTS

6
Introduction The objective of constructing sheet metal developments is to draw a true
size flat pattern of the surface to be folded to the desired form. Edges are joined by seams,
rivets, welding, soldering, and other means. Edge lengths should be kept to a minimum for
economy and ease of handling. (Transparencies 19 and 20)

Directions: Construct radial line developments of pyramids, truncated pyramids, right
circular cones, and oblique cones. An example is included for each of these.

;

Example A: Pyramids ,

1. Label all points, true length lines, and true size surfaces

..

Base is in TS

--'--

ec ab

2. Find the true lengths of each inclined or oblique lines by rotation using the vertex as
the axis

3. Decide where the seams will be located

4. Layout the surfaces in true size inside out

1

I

,

t
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bc br
5. Complete the development making bend lines thin lines

(NOTE: Notice the use of the diagonal distance " K" to transfer the rectangle.)

Example B: Truncated pyramids

1. Label all points, true length lines, and true size surfaces

Axis of rotation

2. Find the true lengths of each inclined or oblique line by rotatitn using the vertex as
center

(3 Since the object does not go to the vertex, projeEt the intermediate distances perpen-
dicular to the axis of rotation to obtain correct true lengths
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MD 807

4. In more complicated drawings a true length diagram is used to keep the drawing
from becoming confusing

5. Layout the largest surfaces in true size inside up

41,

6. Layout the smaller true lengths on the true length lines on the development

7. Complete the development making bend lines thin lines

i6 it
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E xa m pl e C: Right circular cones

1. Label all points; true length lines, and true size surfaces

(NOTE: This example does not have any true size surfaces.)

f

1

(NOTE: ENt observation, the base of the cylinder is in true size in the top view.)

Divide circular base into equal parts (normally every 150 or 300) and draw the cone
elements to the vertex; number each point

3. Project elements to the front view and dray to the vertex

Half Development

1)9

4. Using the truer length of tte side of the_one as the radius, coostruct a semi-circle

C 4 1
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-

Use the following formiAa to compute the number of degrees of the semi-circle for a
half development

(NOTE: In this example, R ='10;13= 20.)

o = 1/2 (-1: 360°)

O --,1!2 (311 360°)
20

t.

(1,10TE: eghen the formula is used, the elements must 13e stepped off with dividers
to divide the arc equally.)

6. An alternate method, not as accurate, can be ,used

- Step the chord-distance from-Q to 1 etc. around the semi-circie

-A:

V

R= 1/2 ( 360°)

100°'

Half Development

,

b.. Construct the' larger circle with a bow 11Nposs

c. Layiput the sMaller true lengtht on the.developed true length lines

6? Connect all points with an irregular curve

e. Complete the development,by darkening all' lines

.

0.

.00

*
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Era Inple D Oblique cones

1. Label all points, true length lines, and true size surfaces

(NOTE ..This example does not have any true size surfaces.), .

,

_

I.

r 1

2 Divideicircular base into equal parts and draw the cone elements to the vertex; number
each point

, .
s.

3. Construct a true length diagram by r4tating points on the right side of the drawing
,

(NOTE: This helps to prevent confusion.)

A.

,

i

,

,
,

,

a

I
,
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4. Project all elements intersection of the' inclined surface to the TL diagram; this will give
the correct lengln for the cut

\

at a time

8

,

,

OF/

V

Halt Development

,

4 6
TL Diagram

lit

z.

MD 811

5. Layout one true length element at a time ancrone circula radius between elements

6. Connect all points using an irregular curve

Ma

a

%

s

i

,

c,
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I

vT

-,

I .

.A.

l'

4.

A

HetV' Development

Half Development

. 4 6
TL Diagram

7. Layout ttie smaller true lengths on the developed true length lines

8. Connect all points with an irregular curve

9. Complete the development by darkening all lin'es
I

Problems:

-

,

II

1., Construct each problem on a Hiiin ,size sheet of vellum or other media seleated by
instructor. Draw both the two view drawing and the development. Add dimensions
as instructed.

2. Make a blueline print,of the drawing and cut the pattern out with scissors.

3. Tape or glue development together to form three dimensional part.

(NOTE: This is a good time to check your work.)

\ 4. Hand I n both the original and the object to your instructor.

V 4 "70 1 )
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0

1.
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UNIT X

MD 817

ASSIGNMENT SHEET #11--CONSTRUCT PARALLEL LINE DEVELOPMENTS

,
Directiont: Construct parallel line developments of right prisms, oblique Prisms, right
Ocular cylinders, and oblique cyhnders on "B" size media. Examples for each of these are
included to be used r guidelines for solving the problems.

Example A. Right prisms

1. Label all points, true Igngth lines, and true size surfaces

----__

t

t

a
IV- -TS of Base

c"

Tt..

4 3

T1._

r

Right Section

.
A

(NOTE: All lines are in true length except the inclined lines. Since the base is perp
dicular to the octagon shaft, the corners formed on the planes are 900. The top vie is
a right section of the base. When you have a right sectkxn, the solution to the probl m
is to transfer distances from the right section on a stretch out linej

.,
r

1

_
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. 2. Project from the right section to the right hand area all true length vertical lines

131

TS of Right Section

HALF DEVELOPMENT

4-

Stretch Out Line-

2
R

3.. On the EV of the right section, mark off the true lengths of the base; this line is called
atstretch out line

(NOTE: If a right section is not given, construct a right section perpendicular to the
true length lines.)

4. Draw the lines from the points on the base until they connect to the common points
such as 2 connects to K

6 1

HALF DEVELOPMENT

11.2 3
Stretch Out Line

0 Complete the develorent making bend lines thin lines

C:
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Example B Oblique prisms

1. Label all points, true length lines, and true size surfaces

(NOTE: This example has no true length lines or truesize surfaces.)

MD 819

Isiomm*

2. To develop an oblique Prism that has no true length sides given, construct an auxiliary
view to find the true lengths of the parallel sides
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EV of pIane of Right Section

TS of Right Section

.g

3. Construct a true right iection at a-convenient location perpendicular to the TL of the
parallel lines

(NOTE: This view is an edge view of the section.),

4. Construct the Arue size of the hght section by constructing.the line of sight parallel to
the true lebgth lines

-



A

1

5.
V.

rt

I
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ASSIGNMENT SHEET #11

-EV of plane of Right Section

L TS of Right Section
,

9 A

In a'convenient location draw a horizontal stretch out Ii4

1.

MD 821

..."1 .

Stretch Out Line

6. Transfer the true lengths of the sides from the TS right seetion view

7. Construct vertical lines through the points

-

8. Transfef true lengths of sides from the EV of, the right section to the vertical lines
,

9. Complete the development making bend lines thin lines 4

c

t

"1416

-

:

,
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Example C- Ri4ht circular cyliptlirs,

1. tabel all points, true length lines, arld tru size surfaces

EV of Right Section

6 0

65 4 0

TS of 1/2 of Right Section

By observation, the base of the cylinder is in .true size in the top view

3. Divide circular base into equal parts (normally every 150 or 300)
0.-

4. Project points (actually end view of elements) to front view and draw the elements
parallel to the Gster line-

-o

K 1

--<-Half Development

5. Project horizontal stretch out line from EV of right section

6. ilicansfer distances from top view from point 0 1 to stretch out line

(NOTE: The distance laid otA is 1/2 circumference.)

Stretch Out Libe
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7. Project vertical lines from each point on stretch out line

4 MD 823

8. Projet ppints from inclined top edge of elements in front view to corresponding
elements in development gFea

9. Comprete the developments by connecting points with an irregular curve.
Example D: Obliqae cylinders

Label all points, true tength lines, and true.size surfaces

r

4.4

4 4.

2... To develop, an- oblique prism that'llas no .true length center line given', construct an
auXiliary view to find the true ldngth of the center Nne .

4r"7 j
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3. Construct a true right section at a convenient location perpendicular to the TL of the
center line

(NOTE This view is an edge view of the section.)
.

4. Cohstruct the true siie of the righf.section by cchnstructing the line of sight parallel to
the TL of the Ceriter1rne

EV of
plane of TS of Right
Right Section

Secti on 0 .-a

0

T a

5. Divide the ellipse right secti_on into equal parts and project back to view with TL center
line; theselines are elements of the cylinder and are in TL

TS of Right
Section

. Strew? Out Line

<1,

)r&
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6. In a convenient location, draw a horizontal stretch out line

7 Trarisfer the distances between the point view of the elements in-the'TS rIglit'sedtio
view to the stretch o t line

.8. Project vertical lines fr m each point on the stretch out line' .

.. .

9. Transfer TL of elements from the EV of the right ection to the vertical lines
-,

10. Complete the view using an irregular ct.irve

Problems \

MD 825

1. Construct a development for each problem on a "B" size sheet 'of vellum or other
media selected by instfiuctor. Draw both the two view drawing with all constructiQn
lines and the development. Add dimensions as required by instructor.

2. Make a blueline print of the drawing and cut the pattern out with scissors.. .
3. Tape or glue development together to form three dimensional part.

,

irTE: This is a good time to check your work.) -

4. Hand in both the original and the object to your instructor.

A.

*

lie

I .

... ,

.4.

t

1;t-i t j \

1.

J
_.

II
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,
$ Transfer dimensions to "B" size media. Part is inclined at an angle of 25' to wall..

-
.

Opening in wall

rOpening tin
floar.

' b

Floor- -,,.s,

o

;

..

S

\

C:r.) ,
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SHEET METAL DEVELOPMENTS
UNIT X

ASSIGNMENT $HEET #12---CONS1\RUCT SPECIAL DEVELOPMENTS
USING TRIANGULATION *

Introduction: Many surfaces cannOt be developed by the radial line or parallel line methods.
Some of these other surfaces can be developed or approximately developed using triangu-
lation As the name triangulation implies, this method divides surfaces into triangles which
can be easily constructed. (Transparency 22)

co

Example Is this .fdur ,sided figure ABCD a flat plane? It looks to be, but when we
examine the diagonal lines, we find they do not intersect!

Figure 1 b Figure 2

e plane constructed in Figure 1 is not a true flat plane put is, in fact, a warped pAne.

T. ccrstruot a four or more sA;led plane, we must first divide the surface into triangles, then
pr jece the triangles to the adjacent view including the intersection of the diagonals. Line ax
is xtended to locate point C. Tito resulting four sided figure is a flat plane.

0,014 b

This\ concept is important when constructing drawings. The optical illusion of a flat plane
with four or more sides is easy to dratv. AlWays construct oblique planes with three or more
sides sing this triangulation method.

I
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Directions: tonstruct plane surfaces and transition pieces using triangulation on "8" size
media Examples are included to be used aguideliAes for solving the problems.

Example A. Plane surfaces by triangulatibn

1 Label all points, true length lines, and true srze surfaces

(NOTE: This plane surface hopper is not part of a pyramid and cannot be developed
using radial line or parallel line methods.)

2. °Divide each surface into triangles

CWI...,BAG AM K EW
Au

TL Diagra

3. Set up a true length diagram next to the front ciiew
view .'

o prevent confusion in the front

4. Project the height (H)drreetly to the true length dia ram; this is the same as saying,
project the edge view of the pAth of rotation

1
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N..,

5. Transfer directly to the true length diagram the distance (W) that is normally rotated
until it is parallel to the folding line

6. Label all lines correctly an the TL diagram for future use

,

mw CW AG AMBKEW
F: W AJ

TL Diagram
4.

7. Select an open area on the drawing to start the development; allow lots of space

8. Take true length dimensions of 'each triangle from those given and those of the TL
diagram .

.0 ....4."

9. Construct the triangles forming the of the surfaCes; always start with the shortest
side,

,
.

10. Complete the development adding bend lines

4ample B. Tiansition piece by triangulation

1. LaberaH points, trtie length lines, and true sizes

a P

i. .

True size
circle

71

(NOTE: This transition piece goes from a circular part to a rectangular part.)

I ,
.

,.
I

I, , : a ,4

Edge of
circle
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c

\

2 Divide Vie circle into equal parts (normally 15° to 30 Increments)
1

3 Draw common elements 'in both Views forming triangle surfaces frl the circle to'
the rectangle

4 Observe the number of true lengths thM4nust be found

-

5. Determine where seam will be, this should be the shortest connection

-6. Construct TL of all elements by using a TL diagram or other m.eans

v

I.

A

P'' 1k., \J '1

,

to

1

1

or

1

_
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C

.

,

.

,

7. Select an open'arei to start the development
,

?8. Starting with the seam, develop inside out by tonstructing trliangles of each surface
. i

9. Take true length,dimensions of each tr.iangle from the chord distance on the circle,
those TL given, aricithose found on theTL diagram' %

04i la tontlete the development dding bend lines,.
.

;

I,

.

'fl ( ..^*1r

MD 833

*

*
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Problems:
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. I.
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1 Construct each problem on a "B" size sl-eet of vellum or other rnecka selected by
instructor. Draw both the two view drawing and the development. Add dimensions
as instructed.

2' .Make a blueline prtnt of the drawings and cut the pattern out with scissors.

(NOTE Halfpatterns will need to be doubled.)
4

3. Tape or glue development together to form threeVirnensional part.' -

(NOTE: This is a good time to check your work.) .,

4. Hand in both the original and the object to your instructor.

)-

-

s.

la,

.-

...
i

,

..
.. 0 .

..

.,.

,

,

"a .
e

,

-,

,-,

,

,

. 4

-

1

.,

C'S.").-l, I 0

..
. .. l

i

,..
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50
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SHEET METAL DEVELOPMENTS
'UNIT X .:#

a

e

ANSWERS TO ASSIGNMENT SHEETS

The 15beling of all pr.oblqms,shpuld be ,T,/aluated to the satisfaction of the instructor

A. .1. 12'
2. abcdef

B. 1. yzvj, abc4f, kIrrinop, ghdc
2. Yes
3. Normal
4: Inclined

C'D -Evaruatedlci, thectatisfactism 9f the instructoi

ca

Assignment Sheet #2

A.
Ier

4
,

LINE

VI EW
TL

IS LOCATED
NON-
TL

, .

TYPE OF LINE
NORMAL INCLINED OBLIQUE

._, Tap & Side
i -

4 X
. 4.---.

cd Top kSide )(
,

, Front , Top & Side I X

ef, . Side Fr nt & Top , X

Top & Front .

Front pt Sidq
'..

, X

qf
TOrr & Side X

Tqp & Side
.,

:,-- ., X -

ici i Front
. i Top & gide

'-- x

,

,
eim Front &" To? ;

Ith Top Ai 'ide.
,

;-!:

g fop tisFront ,
_ .. , -0 X ,

,

..,.... v__," .
40 . ./.. '

r '

'' '' ' EV' J- -;.9. ,,,,

..

0

4

a



838 '

.

B.

LINE

VIEW
TL

IS LOCATED
NON-
TL

TYPE OF LINE
'NORMAL , . INCLLNED . OBLIQUE

cb Top
,

Front
& Side

,

X

.

.
,

0

go Fropt & Side X _.

he
,

.
-.

. ..

Top,
...'Fi-ont,

& Side

, .

4
,

.
.

X

.

fg Front & Side X ..

fb _Top,
Front,
& Side

,

. s . X

.

Top & Front ><4.

.

gb Side Top &
, Front

. .

hi
I

Top & Side X

tu Top & Side X
.

,

Assignment Sheet #3

A'

PLANE
. VIEW TS

IS LOCATED
VIEWNON-TS
IS LOCATED

VIEW EDGE
VIEW IS
LOCATED

TYPE OF PLANE
NORMAL INCLINED 'OBLIQUE

cbf .

,

Front & Side. Top X

abcde Top , Front
& Side

X

.

deh -- Front & Side Top X ..
I

t ml u Top . -- Top &

Side
X

bfg Top & Front Side X .



S.

I

B. -

MD - 839

PLANE
VIEW TS
IS LOCATED

VIEW NON-TS
IS LOCATED

VIEW EQGE
VIEW IS
L'OCATED

TYPE OF FCLANE
NORMAL INCLINED OBLIQUE

,

abcde Top
.

Front
& Side

X
-

bgfc Top & Side Front X'

rst Front
.

.

..

Top &
Side

X
.

.
.

mpni Top
.

.
-- Front

&.Side
v X .

end

.

, Top, Front,
& Side

. .

1

.

X
.

,
(NO.TE: All other assignment sheets are to be evaluated to the satisfaction of the
ingrUctor.)

M. 4

.-

..

I

.1

1

(-

C

I

,

I

,

s

01
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SHEET METAL DEVELOPMENTS
UNIT X

NAME

TEST

1. Match the terms on the right with the correct definitions.
..

a. The exact, measurable view of the exact
length of a line found by observation, projec-
tion, or calculation

b. The exact measurable view of the exact
size of a surface found by observation,
projection, or calculation

c. A pattern of the true sizes of unfolded or
unrolled surfaces arranged to be folded
to the desired shape

MD - 841

d. An additional amount of material necessary -
when making a bend .

e. The development of objects that can be
developed due to elements radiating 'from
a single point or vertex

f. The development of objects that' can. be
developed due to parallel elements on these
surfactes

g. A method of developing surfaces mit possible
by the parallel line or radial line methods

--h. A ruled surface tAat cannot be developed

i. A cutting plane'perpendicular to' an axis
of a three dimensional form

j. A dialam of the true lengths projected
from the normaj views

, .
k. Ruled lines on the. surface of geometric. ,shapes. .

1. A surface which has no straight line elements
grid cannot be developed

m. Any surface generated by straight lines

..o. A ruled surface generated by a straight
line that can be developed

o. T4e intersection of a circular Cone and a
pl6ne _ .

4 ; 72 I

-1.

1. Mold lir4

2. Radial line
development

3.

4.

5.

6.

Double curved
surface-

)

Transition piece

Folding line

True length ...--
diagram

7. Shrink templates

8. Bend line

9. **Rotation

10. True size of
a surface

11. Single curved
surface

12. Development

13. Right section

14. Triangulation

15. Streich out
line

7

Se.

a

ass
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.

p. A line that is perpendicular to each element
on which a- .parallel line development is

unrolled or unfolded

q. A piece .that connects two differently sheped
conductors

r. Original and complete developments of
parts used for reference and checking

.s. Contour templates made with a shrink scIlt4
for die maker and foundry

t. Templates to exact contour of part used
for Checking parts at production stages

41, .

Lt. Where bend starts

V.

w.

The intersection of two adjacent

Drilled or routed holes at intersection of
bends to relieve strain which would cause
metal to crack or buckle

surfaces

x. A method of projection in which the observer
stays stationary and the object is rotated for
'different views of the object

?

16: Bend allowance

17. True length of
' a line

18. Relief holes

19. Elements of a
surface

20. Ruled surface

21. Contour templates

22. Parallel line
development

, 23. Conic section

24. Master layouts

I

25. Warped surface

y. A reference line normally between two
views representing the edge of a plane of
projection

. S

2. istin 'ish between visualization of near and far points and planes by plading an
,next t the near points and planes. I

Figure 1

..
a. Point a

b. Point z

c. Point h

cf. Point x

..

x

1Y

'I

I

I

I

I

I

I
,

I z
Ani

Front View

a
F

LOS<

S
a

, d

x Y b

b

c

1

i

1

I

I

I

I

I

,

c
d

e

h

e

h

r
1

i.

,

f

g

1

1

i

1

1

I g
w z

0

v

Right Side View

rver looking on right side view '

i

*

-%



Figure 2

e. Plane A

f. Plane B,

g. Plane C

Observer looking down
on top view

fr

A C B

Top View

4-

M - 843 '

-Front' View .=

,41:`

.

. -. - -C..:
. ...4.-t-

4.

3. Arrange in order the steps for c'onstructing an auxiliary view by pla cin the correct
sequence numbers in the appiopriate blanks.

.

a, Draw reference or folding line in auxiliary view perpebdiculas &line bfisight
at an adequate distance tom edge of frañt view

b. Conriect pointsin auxiliary. yiew fhat are connected in adjacenebiew; darken
lines - ; .

.. \\ , ... .

Label points- of entire. objtici .or cernoin line& or certain planes where an
auxiliary view is needed.

p.
C.

d. l!ocate reference or foldinfg line in the adfacent view in either ofthe follow-
ing places-back, middle, front, or between views

.001' .
e. Draw light projection lines fromVT points of the view parallel to the line Of

sight

f. Transfer distances, from adjacent view in relation to reference plane using
dividers

g. Select line of sight to get desired view

411P

et-:

1.W



re'

; ientify true length lines and trGe sizes of three view drawings by marking TL on 1L.
.ngths-and :TS on truelizes. T

b

444

T
.

94

"F

b. r

17

fd
..,

'

. .

a

a

a

.2Ir

440

,*

...

4

3

'-$.

%

0.

4

""'

.1

4



4

. MD 845,

5. Identify point views of lines and edge views of planes by.marking PV on point Viev; and
EV on edge view.

a.

I.

-*F

. .

. ;

,-
..7 r ' .1.

r. :. . * :
16 .. . . ..

L' ..'.., .
% .

1

4....4.4. a V., . 2 6
V : M.. 6 1 .. # ' ; , . 1

.
A. <,

M 48
... ' 0

' I 1

6. :Select tgue-"statemegits 'Nincernirid in-tortant: cl3ira:gteriitics ofrfAtatiO6 6y Pthciiy9
an

I i
.1( ittlr al4ropriate blanks.' - .- , - .

..- .
_.-I - A a t I, , allt,-. . _a ' . A ,. '.:

' (NdTE:. All'partkpfi stilerneni 'must be t-ru;befoLe yew p'iat; an"")Ctly thai state:
. rnent4 If one part is false, the:vVhole itatemeht ikelansidered %Ise.) '-" ." .

....r- ,..10.: . .. .. : ,..--;---if
a. The path of rptatiofr of-any point not or) the axis'appears as a rectangle'in a,4 - ,- - .-. 'View shovVirig the axis of4otationl4s a:point- ,. , . .--: -* . _. ...4.-- -1, - .- - ..,-----_ - '... lz Tht plane of the pith oi rotqtion of any point appears in edge_view (EV).

..-- ..; . and peependicular to tl-ie- axis in a vAew showing the axis.of rotation in true....

I.

.

a
. Jength

c. -In true lengths by rotation,,

1) A line play he rqtated until it is paralletto a principal plane

2) The line is projected onto the adjacent plane

3) Since it is parallel to the folding tine, it is in true length in the adjacent
a

plane

d. In true sizes by rotation,

N

go. 1 ) An edge view may be rotated until it is.parallel to an orthographic
plane

2) The edge view is then projected onto the plane and is foreshortened
in size

4
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- .4F'
7. Select elements of single curved surfaces by placing an- "X" next to those that a17re .

elements.

4

,-
.. . < .

. . . .
..s -. . vs

.4.,. . 4 .7-..a.'oa -....,,... .
0

... ; O.

.- b' b6 -.

21 ? I e ., if''
el.- xy `.--.-1I

r"-
,

8: List two mefhods for finding'interiections of surfaces.

.

a.

°b.

a.

9. Name three general groups of developments.

a.

b.

c.

10. Calculate bend allowance when a metal has a thickness of .45", radius 9f .80", and
the number of degrees is 125°. Use the following formula and show all calculations.

BA = (.017453R .0078T) N

BA =

-
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;

.
, -

.4" 11. Demonstrate the,ability to:. ,--
. -

,.

a. Label Pioiots, lines; and planes in views,
tr. t

A.b: Identify true 1er9ths and types oI lines.

Of

1 ft

-

.4 t

-

4.. Identify true sizeseaAct types of pland.

C

4
-.106.. r-

847

r

s.--et

,

-ra- T

ipstNct true lengtht cif lines end Ale sizes of planes using euxiliacy..vivas:.`
6 I

:.
Ccfrittiur47Airue lengthi c:fAnellby rotatioDt7

AI;
di:instruct trite sizds of -planes by rottition.

toeateelernents of single curved su'rfaces.

h. Construct interseCtions of surfaces.

,

i. Construct intersectiOns of surfaces using two-view method.

j nst.ruct radial line developments.

Construct parallekline developments.

t.

I.. Construct special developments using triangulation..

(NOTE: If these activities have not been accomplished prior to the test, ask
your instructor when they should be completech)



. c

*34 '4 -44-
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. a*e -4-

e
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MD -.849 ;

c v.: . e .,

.

l, ir:...
'.- _ s. , '. . -

.. :....; . ..-... .. . 0
, .

.01 t ,
...-. SHEET METAL-egVELOPMENTS: ..

1. a.. 17 .7
. h.

b. 10 . , I.

c. 12 1.
d. 16 . (-k.

e. 2 I.

f. 22 m.
°g. 14

2. a, c, e, f

, 3. a. 4 e.

b. 7 f.

c. 1
9-

d. 3

'

'

IT X.

ANSWERS TO TEST.

25 . n. 1 1 t. 21
13 o. 23 u. 8
6 p. 15 v. . 1

19
9- 4 .. w. 18

3 r. 24 x. 9
20 s. 7 y. 5

5

6

2

. 4. a. b.

TL

c. d.

a b



.5. a.'

4

C.

a I b

TL

_.,

b.

6. b, c

7. a, c

8. Any two of the following:

a. Edge view given
b. Auxiliary view method
c. Cylinders intersecting
ce Approximate intersections

9-. a. Rdial line
b. Parallel line
c. Triangulation-

113. BA = 2.18"

11. Evaluated to the satisfntio'n of the initructor

C



POWER TRANSMISSION
UNIT Xl

UNIT OBJECTIVE
a

>MD 851"

.s

After completion of this unit, the student should be able toxonstruct various gear and cam
drawings. Thii knoWledge will be evidenced by correctly performing the procedures outlined
in the assignment sheets and by scoring 85 percent on the ,unit test.

SPECIFIC OBJECTIVES

After completion of this unit, the student should be able to:

1. Match terms related to power transmission with the correct definitions.

2. Distingui5h between advantages of chain drives and gear drives.

3. Distinguish between advantages of chain drives and belt drives.

4. Arrange in order the steps for selecting a V-belt drive.

5. Complete a list of major types of power transmission chains.

,6. Match axes positions with the correct types of gears.

7. Identify parts of gear teeth.

8. Identify parts of pinion and gear.

9. Name cutting date needed for spur gear drawings.

10. Identify parts of a bevel gear.

11. Complete a lt qf cutting data needed for bevel gears.

1

12. Distinguish between cutting data needed for worm and cutting data needed for
worm wheel.

13. CalcUlate gear ratio.

14. Determine gear rotation.

15. Calculate gear speed.

16. List two types of couplings.

17. Distinduish between types of bearings. ,

18., Identify cam nomenclature.

A
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852 ,
4.

j..
19. Identify types of cam followers.

20. Select types of cam motions.
,

I.

21. Match liydraulic noglenclature with the cOrrect definitions.
,

22, Match basiwoneumatic components oith.the correct functions.

:23. Distiaguishbetween ait circuit components.

24. frnpnstrate the ability to:

a. ConstruCt a spur gear drawing.

b. Cons4ct a Lvel gear.

Construr worm and worm gear.

d. Calculate giar ratios. _

t. Determine getr rotation.

f. Calculate gear speeds. ,

g. Construct a cam drawirlg.

h. Select.a 'chain drive.

.Select a V-belt

Select types of bearings from handbooks.

1.

.

s
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POWER TRANSMISSION
UNIT XI

'SUGGESTED ACTIVITIES

I. Provide student with objective sheet.

II. Provide student with information and assignment sheets.

Make transparencies. Nk.,

IV. Discuss unit and specific objectives.

V. Discuss.information and assignment sheets.

-7

VI. Set up a display of various power transmistykn elements.

VII. Allow students to assemble elements where practical.

Visit and tour a power transmission manu'facturing plant. Observe the manufacture
of various components such as cams, gears, and chains.

IX. Give test.

alr

INSTRUCTIONAL MATERIALS

I. Included in this unit:

A. Objective sheet

B. Information sheet

C. Transparency masters

1. TM 1--Outside Diameter of Small V-Pulley,

2. TM 2--RPM and Diameter of Driven V-Pulley

3. Trs-A 3--Belt Length

4. TM 4--Types of Gears

5. TM 5--Gear Tooth Terms

6. TM 6--Parts of Pinion and Gear

7. TM 7--Working Drawing of 'a Spur Gear
1. /

8. TM 8-Bevel Gear Nomenclature

9. TM 9--Working Drawing of Bevel Gear

10. s TM 10--Worm and Worm Gear

MD 853
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.

e

,^

.

,

I

11.

12.

13.

14.

15.

16.

17.

18.

TM 11--Working Drawings of Worm and Worm Ger

TM 12-How dears Change Direction of Rotation

TM 13--A Diagram of Gears Used.to Change SPeed

TM lit-gam Nomenclature

TM 15-Types of Cam Followers

TM 16--Uniform Motion
w

TM,17--Uniform Motion-Cam Profile .

TM 18--Modified Motion

'

,

4 s

19.. TM 19-ParaPolic Motion

... 20. TM 204arabolic Motion--Cam Profile

21. TM 21--Parabolic Motion-Construction Method

22. TM 22--Harmonic Motion
.

1

23'. TM 23-.-Harmonic M ion.--Cam Profile

24. TM 24-Combination f Motions.

25. TM 25--Basic Hydra lic and Pneumatic Components

x".

..)

4

',.

D:

e

Assignment sheets

1. Assignment Sheet #1-Construct a Spur Gear,Drawing

2. Assignment Sheet #27,-Constpct a Bevel Gear

3. Assignment Sheet #3-Construct a worm and dorm Gear
.

.7

4. Assignment Sheet #4-Calculate Gear Ra.tios

5. Assignment Sheet #5-Determine Gear Rotation'

6. Assignment Sheet #6--Calculate Gear Speeds, -
. . .

7. Assignment Sheet #7-Construct a Cam Drawing

8. Assignment Sheet #8--Select a Chain Drive

9. Assignment Sheet #9:-Select a V-Belt DriVe-

i

10. Assignment Sheet #10-Select Types of Bearings from Handbooks.

E. Answers to assignment sheets

F. Test

G. Answers to test

e

1

af..

I.

\

M.
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POWER TRANSMISSION ,
UNIT XI

INFORMATION SHEET

I. Terms and, definitions

A. Gear drive--Toothed wheel(meshing with another toothed whee

B. Belt drive--Endless flexible belt on pulleys

C. Chain drive--Endless chain on sprockets

D. Couplings-Devices for joining shafts together

E. Clutefies-Devices for stopping or starting a machine without stopping the
prime mover

F. Brakes--Devices for slowing or stopping power driven shafts

G. Flexible shafts--Devices used to transmit power arbund corners and different
angles when the driver and driven shafts are not lined up

H. Speed redUcer-Any device 'used to.reduce the speed of the output device
(driver)

I. Bearings-Machine parts ,used to lessen friction

J. Cems-Mach'ine elements designed to produce a specificfnotion,

K. Linkages--Motion and function generators

L. Hydraulics-Liquid is used as power iransmission

M. Pneumatics-Compressed air is used as power transmission
:

N. Idler-As a gear it.serves to fill up space,and reverse direction; as a pulley it
serves to take, up slack

0. Countershaft (Jack shafj,)-A second motion or intermediate shaft in a
power transmission system 7.

P. Seals-Parts used to protect ball or roller bearings from loss of bripant
and entrance of dust and dirt on bearings

Q. Bushing--A liner forc ed in a hole to provide a better wearing or bearing
surface and to provide for easy renewal '

(NOTE: Bushings are commonly made from brass or bronze and are some-
times called, bearings.)

R. Power traiii-Revolvirig components involved in,the transmission of power
from the engine to the drive wheel

S. Gear ratioThe number of revolutions the drive gear must make to turn
the driven gear one revolution

( f
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INFORMATION SHEET

T. Splines-Multiple keys in the general form of internal and external gear
.

teeth,kused to prevent rotation of a shaft

U. Gear reduction-A combination of gears used to reduce the input speed
to a lower output speed

Advantagei of chain drives and gear drives

A. Advantages of chain.drive over gear drive

1. Center to center distance is not restricted

2. Easy to install due tO greater tolerances

3. Ease of changes in design

4. Better shock absorbing

5. Wear is reduced

6. Faster changing

B. Advantages of gear drive over chain drive

1. Whert spae.e limitations are. timportant, center to center of gears can
be shortest distance

2. Maximum speed ratio can be greater

3. Higher RPM can be obtained

4. Generally more practical at higher RPM and higher horsepower

Advantages of chain drives and belt drives
--

A. Advantages of chain drive over belt drive

1. Does not slip or creep; no power lost

2. Lower loads on bearings-due to slack

3. Occupies less overall space

4. Eqier to install

5. Better for synchronism far several shafts '

6. No static electricity; thus no fire hazard .

7. Does not deteriorate with age

8. Operates at higher temperature

's. Slower elongation due to wear



,10

ItiFORMATION SHEET

B. Advantages of belt drive over chain drive

1. islo lubrication except belt dressing for flexibility

2. GeneralL operates with less noise

3. For extremely long distances, flat belts work well

4. For extremely,high.speeds, belts can be used
1-

5. Less vibration

IV. Steps for selecting a V-belt drive

Decide whether belt-will b* used on light, normal, or heavy duty 'equipmentA.

1. If 6eit irfor light duty, multiply
normal dutY tables

Example: Light duty equipment
fans, blowers

MD 864-

horsepower rating by 1.20; then use

*

include dishwashers, clotheswashers,

2. If belt is for normal duty, use normal duty tables

, , Example: Normal duty equipment include drill presses, power lawn
mowers, heating and ventilating fans, generators, buffers

3. If belt is for heavy duty, multiply horsepower rating by .85-, 4ihen use
normal duty tables

Example:" Heavy duty equipment include metal working machines,
cotnpressors, lathes, grinders, industrial machines

B. Select outside diameter ol small V-pulley ITcansparency

C. Select.driven V-pullty diameter (Transparency 2)

D. Determine belt length (Transparency 3)

V. Major types.of power transmission .chains

A. Roller

B. Offsei sidebar

C. Double pitch

b.

E. DetaChable

F. Bead

G. Inverted tooth

6
,
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INFORMATION SHEET

VI. Axeipositions and.types of gears (Transparency 4p
a '` *..... .

A. : Axes- intersect _

-

a

. .

. , 1. Spiral bevel (miter)13ear
. .

, .... .,

.-

-

,

-t

2. Plain (streight) bevel geir

3.. 14yppiisea.r

B. Apies are parallel*
,

1. Spur gear

2. Helical gear

3. Planetary (internal)" gear

.. 4.. Herringbone gear

C. Axes do not intersect

1 Worm and worm gear

2. Helical gear

-

(

,

,

0

,

. D. Axes do not intersect and straight line motion converts to ,circular motion

1,
and vice versa-Rack and pinion gear

4

. .-
VII. . Parts of gear teeth (Transparency 51

A. Face width

B. Circular pitch

r C. circular thickness

D. Dedendum

E. Addendum

F. Whole depth

G. Chordal addendiim

H. Root diameter

I. Pitch diameter

J. Outsidnismeter

-

"1 r

,

4
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INFORMATION SHEET

VIII. Parts of pinion and gear (Transparency 6)

A. Line of action

_

B. Pressure angle

- C. 'Clearance

D. Working depth

E. Center distance

F.- 'Pitch 9.cle

IX. C4ting daa needed for spur gear draWings (Traresparency 7)

A.

A Number of teeth

ormula: Num* of teeth

eitc,h diameter

Formula: Pitch diarneter
/

C. Diametral pitch

sprmula: Diametral pitch

= 'Pitch diameter x Diametral pitch

Number of teeth
biametral pitbh

D. Pressure angle

Number oA teeth
Pitch diameter

Formula: Pressure angle = 14 1/2° or 200

E. Whole depth

2.157Formula: Whole'depth
Diametral pitch

Chordal addendum

0

5

Formula: Chordal addendum = Addendum + (1.57/Diametral pitch)2
4 (Pitch diameter)

G. Ctfbrdal thicknessI.

(Sin 90)Formula: Chordal tlickness = Pitch diameter
No: of teeth

CO

.

Pit

MD-861
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INFORMATION SHEET

X. Parts of a bevel gear (Transparency 8)

A. . Cone distance

B. Face

C. Back angle

D. Pitch diameter

E. Crown backing

F. Backing

G. Mounting distce

H. A'ddendum angle

I. Dedendum angle

J. Outside DIA

K. Pitch angle

L. Root angle

M. Face angle

N. Addendum

0. W.hote depth

P. Dedendum

Q. Pioion--Smaller of mating gears

(NOTE: See ANSI 86.13 1965 formore details.)

Xl. Cutting dat4 needed for bevel gears (Transparency 9)

A. Number of teeth pinion--n

B. Number of teeth in gearN

C. Diametral pitch--P

D. Pressure angle and formBasic, is 200 =

(NOTE: 14 1/2° pressure angle can be used, but certain combinations of
teeth must be used to avoid undercutting,)

1 or select from tableE. Addendum for gear Diametral pitch

(NOTE: Use Machinery's Handbook for table.)

GUI.



INFORMATION SHEET

F. Addendum--for pinion = Working depth x Addendum for gear

G. Addendum a 1

Diametral pitch.
H. Root angle--R = Pitch angle Dedendum angle

Face angle--F = Pitch angle :Addendum angle

Whole depth--W = Addendum + Dedendum

(NOTE:This is the same for pinion and gear.)

K. Chordal Addendum fort Pinieh-Cp = Addendum for Pinion +

Circular thickness for pinion xtctine of pitch angle of pinion
4 xlite14-cliapeter of pinion

L. Chordal Addendum for Gear--CG = Addendum for gear +

Circular thickness for gear - Cosine of pitch angle of pinion
4 x Pitch diameter of gear

M. Chordal Thickness-Carat-Circular thickness of Pinion
-

(Circular thickness of PirTion)3 Select from Table .

6(Pitch diameter of Pinion)` 2

(NOTE-: Select value from table in Machinery's Handbook.)

XII. Cutting data needed for worin and worm wheel (gear) (Transparencies 10 and.11)

MD - 863

/A. Cutting data for worm

1. Number of threads--n

2. Pitch--P

3. Pitch- diameter-D (2.4 x Pitch) + 1.1

(NOTE: This isa recommended value.)

4, Lead and direction--Distance threads moves in one revolution; RH or LH

(NOTE: In a single thread, lead = pitch; in a double,thread, lead = 2
pitch.)

Lead5. Lead angle-Tangent :
(Pitch diameter)

6. Preisure angle-20° or 14 1/2°

7. Whole depth--W = .686 x Pitch
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INFORMATION SHEET ....
*

8. Outside diameter--OD = Pitch diameter + .636 x Pitch

,
0

Numbers of teeth on gear)9. Face length--F = Pitch V

B. Cutting data for worm wheel (gear)
..

50

1. Number of teeth--n

f
2. Pitch--P i

3. Pitch diameter--D = Pitch 1 number of teeth
)Tr

4. Addendum--a = .3183 x Pitch
.

5. Whole depth--W = .686 x Pitch

6. Number of threads = t

7, Lead and direction--Distance thread moves in one turn; RH or LH

8. Lead angle Leadtangents
ir(Pitch diameter)

9. Pressure angle--20° or 14 1/2°

10. Throat diampter--TD = Pitch diameter + .636 x Pitch

11. Outside diameter--OD = Throat diameter + .4775 x Oitch

12. Face radius--RF =-1/2 Pitch diameter of worm .318 x Pitch

13. Rim radius--Rr = 1/2 Pitch diameter of worm + Pitch

14. Face width--F = 2.38 x Pitch + .25

15. Center distance--C = 1/2 (Pitch Diameter of wheel + Pitch diameter
of worm)

XIII. Calculating gear ratios

A. Count number of teeth on driving gear and teeth on driven gear

B. Divide the number of teeth of fhe driven gear by the number of teeth of
the driving gear

Example: If a driven gear has 60 teeth and a driving gear has 20 teeth,
the gear ratio is 60 +20 = 3, or driving gear turns 3 times to one
turn of driven gear.

'



INFORMATION SHEET

MD 865

X1 V. Determining gear rotation (Transparency 13)

A. Gears are used to-ehange the direction of power transmitted

B. Gear rotation is determined by a driving gear turning in one direction (clock-
wise) which turns a driven gear in the opposite direction (counterclockwise)

Calculating gear speed (Transparency 13)

A. A small gear will drive a large gear more slowty but with greater torque'

B. A large gear will drive a small gear faster but with less torque

C. Formula to fihd gear speed--R.P.M. x No. of Teeth of driving gear = R.P.M. x
No. of Teeth of driven gear

Example: If a gear with 20- teeth revolves at 500 R.P.M. and drives a gear
with 40 teeth, how many R.P.M. would the gear with 40 teeth
make?

500(20) = X(40)-

10,000 = 40X.

250 = X Answer is 250 R.P.M.-

XV I. llypes of couplings

A: Permanent

Example: Flexible, solid,4universal, and fluid

B. Clutches

Example: Mechanical, electric, and hydraulic

XVII. Types of bearings

A. Plain bearings

1. Radial

2. Thrust

3. Guide or slipper

B. Antifriction bearings

1. Ball

2. Roller

3. Needle

4. Thrust

6(J 1



INFORMATION Si-IEET

' '.XV I II. Cam nomenclature (Transparency 14)

A. Follower

. . . ,

B. -Base cir6Ie-
4 .. . ,

,

C. Pressure angle

b. Trace point

,

E. ,Prime circle

F. Pitch circle

G. Direc ion of motion

X1 X. Types of ca

A. Pointed

Ilowers (Transparency 15)

B. Raller

.;

. Flat face

D. Spacial

.04



E. Swinging

INFORMATION SHEET

XX. Types of, cam motions (Tiansparencies 16-24)

A. Uniform

B. Modified

C. Parabolic

1. Uniformly accelerated and retarded method

2. Construction method

D. Harmonic

E. Combination

F. Cycloidal

XXI.. Hyziraulic nomenclature and definitions (Transparency 25)

A. ,Tank--Reservoir to hold fluid

B. Pump--DeviCe to force liquid thrOugh system

44 C. Valves-Parts to control flow and pressure

D. Cylinder or motor--Device to convert fluid energy into mechanical force

E. Filters and strainers--Parts to clean fluid

F. Accumulator--A cylinder in which fluid is stored-wmdlr pressure and used
to meet fluctuating demands

G: Gages--Instruments tO measure pressure, temperature, or flow

XXII. Basieroneumatic compogents and functions (Transparency 25)

A. Pressure gage--Indicates pressure

B. Filter--Rem6vis dirt and Water

C. Compr'essor-Compresses the'air

Cr,(.,

.

MD 867
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INFORMATION SHEET

i

D. Receiving tank--Stores compressed air

,

E. RegulatorKeeps air pressure within,an acceptable range

F. Lubricator--Lubricates the operating components of a system

XXIII. Air circuit components

, A. Control elements (poWer valves)

1. 2-way

2. 3-position

B. Power elemehts

1. Cylinders

2. Air motors

0

a

,

,

,

it

,

1

>
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Outside Diimeter of Small V-Pulley
HORSEPOWER RATINGS .

RPM of
small
pulley

.. 0 outside diameter of small v-pulley-inches

1.50 1.75 2 001 2 25 2750 215 3.00 3.25 3.50 3.75 4.00 4.25 4.50 4.75 5.03

200
400
600
800

1000

1160 .

1400
1600
1750
2000

2200
2400
2600
2800
3000

'3200'
3450
3600
3800
4000

...
_.._.
OM
0.05
0.06

0.07
one
0.06
0.06
0.00

0.09
0.10
0.10
0.11
0.11

OM
0.11,
0.11
0.11
0.11

... .....
, .,._ 0.06
0.07 0.06
0.0B 0.11
0.10 0.12

410.11 0.15
0.12 0.17 .

0.14 0.19
0.15 040
0.16 ' .022

0.17 0.14
O.1$4 0.25
030. 0.24
049 0.416
0.21 0.19

. 0.21 0.30
OM 0.32
012 Q.
0.11 0.33
0.22 0.34

0 18
0 27
0.34

0.22
0 32

0.25
0 36
0.45
0.55

0.62
0.Z4
0.80
0.85
0,92

0 99
1.05
1 09
1.14
1.18

1.0
1.23
1.25
1 25
.1 26

0 08
0 12

'0- I S
0 18

0 21
0.23
0.25
0 25
Oat
0.31
O.
0.35
0.35
O.3G

t
O.
041 .

: 0.42
0.42
0.44

0.12
0 18
0 22
0 26

0.29
0.33
0.36
0.38
0.41

0.44
0.45
0.47
0,48
0.49

,

0.51
0.51
0.52
0.52
0.53

0.15
0 22
0 a
0.33

0.38
0.43
0 48
0.51
0.5

0.58
0 61
0.64
0.66
0.68

0.'70
0.71
0.72
0.72
0.72

0.42

0.46
0.53
0 58
0 63
0.68

0.72
0 76
0.79
0.83
0.85

0 88
0.90
0.91
0.92
0.92

-0.41
0.48

0.54
0.64
0.69
0 74
0.81

0 86
0.91
0.96
0 99
1.02

r 05
1.07
1,09
1.09
1.10

0 84
0 90
0 98
1 OS

1 12
1 19
1 24
1 28
1 32

1 36
1.38
1 40
1 41
1 40

1.17

1 25
1 32
1 38

.1 42
1 46

1 50 1.50
1,52 1..52
1 54 1 54
1 54 1 54 Mil
1.52 1 52 MIlalal

For Background use a ' ' For I I Background use a For Background use a

3
.

,

I

-2
21

F 32

.

cm ,el . _ -
.

-
NOTE: This table incorporates a service factor of 1.3. For heavy duty, multiply normal duty horsepowerrahng by .85. For light duty,

multiply normal duty horsapower rating by 1.20.
, Courtesy of T. B. Wood's Sons Company
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Belt Length

-re 4-
Ts 3

0; =

a,
.1

CP.

c
t ,

=2

emu et both v -belt pulley diameter.
.

1..

4 4 1/2 5 51/2 6 6 1/2 7 7 /2 8 81/2 9 9/2 10 101/2 11 111/2 12 121/2 13 131/2 14- 141/2 \ 5 151/2 13

1/4

%
. 1/2

V.
'1/4

%
V s

1/4

Ye

1/4

%
1/4

1/4

'4
'4

%
3/4

%
Y.
3/4

Y.
Mt
%

. %
1/4

%
1/4

1/4

%
1/4

1/4

%
V.
1/4

1/4

1/2

1/2

1/2

1/2

/2

1/2

1/2

1/2

1/2

/2

1/2

1/2

/2
/2

'1/2

1/2

1/2

1/2

'1/2

1/2

1/2

1/4

%
1/4

1/4

1/4

1/4

1/4

1/4

%
1/4

1/4

16
18
20
22
24

26
28
30
32
34

36
38
40
42
44,

46
48
50
52
54

56
58
60
6Z
64

66
68
70
72
74

76
78
80
82
84

4 9
5 9
6 9
7 9
8 9

9 9
10 9
11 9
12 9
13 9

14 9
15 9
16 9
17 9
18 9

199
20 9
21 9
22 9
23 9

24 9
25 9
26 9
27 9
28 9

29 9
30 9
31 9
32 9
33 9

34 9
35 9
36 9
37 6
38 9

4 5
5 5
6 5
7 5
8 5

9 5
10 5
11 5
12 5
135

14 5
15 5
46 5
17 5
18 5

195
20 5
21 5
22 5
23 5

24 5
75 5
26 5
27 5
28 5

29 5
30 5
31 5
32 5
33 5

34 5
35 5
36 5
37 1
38 5

4 1
5 1
6 1
7 1
8 1

9 1
10 1
11 f
12 1
13 1

14 1
15 1
16 1
17 I
18 1

191
20 1
21 1
22 1

4e3 1

24 1
25 1
26 1
27 1
28 1

29 1
30 1
31 1
32 1
33 1

34 1
35 1
36 1
36 7
38 1

4.6
5 6
6 6
7 6

8 6
9 6

10 6
11 6
12 7

13 7
14 7
15 7
16 7
17 7

187
19 7

20 7'
21 7
22 7

23 7
24 7
25 7
26 7
27 7

28 7
29 7
30 7
31 7
32 7

33 7
34 7
35 7
36 3
37 71

5 2
6 2
7 2

8 2
9 2

10 2
11 2
12 2

13 2
14 2

16 3
17 3

18 3
11i) 3
20 3
21 3
22 3

23 3
24 3
25 3
26 3
27 3

28 3
29 3
30 3
31 3
32 3

33 3
34 2
35 3
35 9
37 3

5 8
°6 8

7 8
8,8
9 8

10 8
11 8

I2 8
13 8

15 8
16 8

179
18 9
19 9
20 9
21 9

22 9
23 9
24 9
,35 9
26 9

27 9
t28 9
29 9
30 9
31 9

32 9
33 9
34 9
35 5
36 9

6 3

7 3
8 4
9 4

10 4
11 4

12 4
13 4

15 4
16 4

174
18 4
19 4
20 4
21 4-

22 4
23 4
24 5
25 5
26 5

27 5
28 5
29 5
30 5
31 5

32 5
33.5
34 5
35 1
36 5

5 8

6 9
7 9
8 9

10 0
11 0

12 0
13 0

15 0
16 0

17 0
18 0
19 0
20 0
21 0

22 0
23 0
24 0
25 0
26 0

27 0
28 1
29 I
30 1
31 I

32 1
33 1
34 1
34 7
36 1

6 5
7 6
8 6
98

10 6

11 6
12 6
13 6
14 6
15 6

166
17 7
18 7
19 7
20 7

21 7
22 7
23 7
24 7
25 7

26.7
27 7
28 7
29 7
30 7

31 7
32 7
33 7
34 3
35 7

7 1
$ I
9 1

10 2

11 2
12 2
13 2
14 2
15 2

16 2
17 2
18 2
19 2
20 2

21 2
22 2
23 2
24 3
25 3

26 3
27 3
28 3
.29 3
30 3

31 3
32 3
33 3
33 9
35 3

6.6
7.7
8.7
9 7

10 7
11 8

12 8 '
12,9
14 8

158
16 8
17 8
18 8
19 8

20 8
21 8
22 8
23 8
24 8

25 9
26 9
27 9
28 9
29 9

30 9
31 9
32 9
33 5
34 9

7.3
6.4
9 4

10 4
11 4
12 4
13 4
14 4

15 4
16(-4
17 4
18 4
19 4

20 4
21 4
22 4
23 4
24 4

25 4
26 4
27 4
28 4
29 4

30 4
31 4
32 4
33 0
34 4

6.0
9.0

10 0
11 0
12 0
13 1
14 1

151
16 1
17 1
18 I
19 1

20 1
21 1
22 1
23 1
24 1

25 I
26 I
27 1
28 1
29 1

30 I
31 1
32 I
32 7
34 I

.

OA

1.6
10 6
11 6
12 6
13 6

146
15 6
16 7
17 7
18 7

19 7
20 7
21 7
22 7
23 7

24 7
25 7
26 7
27 7
28 7

29 7
30 7
31 7
32 3
33 7

9.0
10.0
11 1
12 1
13 1

14 1
15 1
16 2
17 2
18 2

19 2
20 2
21 2
22 2
23 2

24 2
25 2
26 2
27 2
28 2

29 2
'30 2
31 3
31 9
33 3

1
10.7
11 7
12 8

138
14 8
15 8
16 8
17 8

18 8
19 8;
20 8
21 8
22 9

23 9
24 9
25 9
26 9
27 9-

28 9
29 9
30 9
31 5
32 9

4

Jib

9.1
10.1
11 2
12 2

13 2
14 3
15 3
16 3
17 3

18 3
-19 3
20 4
21 4
22 4

23 4
24 4
25 4
26 4
27 4

28 4
29 4
30 4
31 0
32 4

91
10.111

11:9

12 9
13 9.
14 9
15 9
17 0

18 0
19 0
20 0
21 0
22 0

23 0
24 0
25 0
26 0
27 0

28 0
29 0
30 0
30 7
32 1

r

10.2
11.2

12.3
13 3
14 4
15 4
16 4

17 4
18 5
19 5
20 5
21 5

-22 5
23 5
24 5
25 5
26 5

27 6
28 6
29 6
30 2
31 6

-

10.9

12.0
13.0
14 0
15 0
16 1

17 1
18 1
19 I
2Q 1
21 1

22 2
23 2
24 2
25 2
26 2

27..2-
atel
129 2
29 8
3\ 1.2

10.6
12.0
13.1
14 I
15 2

16 2
17 3
18 3
19 4
204

21 4
22 4
23 5
24 5
25 5

26-6,
37 520
292

1 X/ 6

.

10.9
11.1
12.7
131.8
14 8

15 9
16 9
18 0
19 0
20 0

21 I
22 I
23 1
24 I
25 1

26.2
.27 2
28 2
38 8
30 2

.

11.3
12.4
10.8
14.1

15 6
16 6
17 6
18 7
19,7

20 7
21 7
22 8
23 8
24 8

25 8
26 8
27 9
28 5
29 9

1
4.2

11.1
16 3
17 3
18 3
19 4

20 4
21 4
22 4
23 4
24 4

25 5
26 5
27 5
28 I
29 5

'
11.7
121

.12.41

14.11
15 9
17 0
18 0
19 0

20 0
21 0
22 I
23 I
24 1

25 I
26 I
27 I
27 8
29 2

Courtesy of T. B. Wood's Sons Company
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Types of Gears

,

MD -875
....

Straight SPOr

4,

Helical Spur Herringbone

Plain Bevel

Planetary
I_

Spiral Bevel

3

Worm

P

.

Hypoid
..

Rack and Pinion

Courtesy of Deere & Company, Moline, IL

7u3 TM 4



Chordal
Thickness

Gear Tooth Terms

FaceWidth

Circular Pitch

Circular Thickness
S.

Dedendum

Addendum
Whole
Depth

Chordal
Addendum



Parts of Pinion and Gear

Pitch Circle7
Tooth Pr'ofile

Line of
Action

Pinion

Pressure
Angle(e)

Working
Depth

Root Dia

Outside Diameter
7Pitch Circle

Root (Tooth) Fillet

MD 879

Whole Depth
Addendum
Base Circle
.Top Land

Gear..

7,

Circular Pitch (P)

Pitch Dia

Chordal Thickness
-(------LCircular Thickness

Line of Centers

TM6



Working Drawing of a Spur Gear

3.5

4 0

"77 REAM1.875

"too.

1X

KEYWAY

-0-513-*
10 24

S.

12.5

1E2.00-1

1jOUNDS AND FILLETS 8 R

7u7

/ /

CUTTING DATA
NO. OF TEETH -..,48
PITCH DIAMETER 12.00
DIA PITCH , 4.00
PRESSURE ANGLE, 141/2°'
WHOLE DEPTH _5395
CHORDAL ADD .25
CHORDAL TH .39 7
T1161:111PrcITT42-01MMTI III " I r . 927

MD- 881'

TM 7
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1

Bevel Gear Nomenclature

Addendum
Whole Depth
Dedendum

ack
Angle

Root
Angle

a,

a)v
CO

471,=
0

1

43

46
-

E

0
.c
C.)+.

EL .
.1

Web Thickness

Hub
Projection

MD 883

,

. Add.
Angle

ed. Angle-

---Crown-Height I

-w--Mounting Distance
4

7 u (.i

a

Y

Backing
Cro'Nn

Backing

v

-

,

?

TM 8



-4 -c --' 9
CD

'Working Drawing of Bevel Gear
411111.

CUTTING DATA

GEAKPIRION
NO. OF TEETH 27 18

DIA PITCH . 3

TOOTH FORM 1414° Std InvoI
ADDENDUM 0.333
ROOT ANGLE 52°14'1 29°36'
WHOLE DEPTH 0.719
CHORDAL ADD 0.340910.3447
CHORD THICK 11523310.5229

5.375

'.33° 41'
52°48'

I
'NN

101

5
X ok-

16 16
KkYWAY5 1.9373 8

9.370



Worm and Worm Gear

"Or

ft

Face
Length

riLea itch

Addendum
fWhple Depth

Face Rim
Radius Radius

MD 887

. TM IO



Working Drawings of
and Womi Gear

1.126
DIA

1.125 .251.
.250

MILL TO 50% THREAD WIDTH

FAO - GRIND THREAD FLANKS

A

.376
r(--.375

1.501 DIA
1.500

I
it.

Worm

CUTTING DATA

MD 589

AIP

NO. OF THREADS-I 2
2.533PITCH DIA

AXIAL PITCH 0.625
- RH 1.250,LEAD

LEAD -ANGLE 8°56''
PRESSURE ANGLE ,14%°4

_WHOLE DEPTH 0.429

Worm Gear

UTTING DA
NO. OF TEETH 30
PITCH DIA 5.967
ADDENDUM 0.199
WHOLE DEPTH ' 0.429
NO. of THREADS 2
AXIAL PITCH 0.625
LEAD - RH 1.250
LEAD ANGLE 8°56'
PRESS. ANGLE 141/4°

TM 11



MD 891 .

How:Gears Change Direction of Rotation

(CC) Counter Clockwise

Clockwise

(C)
Lzz, (C) Clockwise

712,

Output/ PowerDriver

Input
Power

utput
Power

Clockwise () Counter Clod( Wise

Clockwise (CC) , (C)

priver

TM 12



1200

. RPM

A Diagram of Gears Used to" Change Speed

56 Teeth

s

Driver
I

1527.3 RPM



'ctti
of4,

4. 'riot/
..'.P.itch Point °

S.

Cam Nomenclature
Direction of Motion

FollowerPressure Angle

Trace Point

IitchCircI?

tarn* Profile

Base Circle
Pitch Circle



1

Types of Cam Followers

Pointed Roller Flat Face

aaa

4

,

c. MD - 897

v.

a 9,

.1.

Special

Cams with Swinging Followers

7lQ,

.

TM 15
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51")

711

5

4

3

2

1

Uniform Motion
0 ft

,

..
//

. . / /

* /.
.//

V
.

//,
/
.

,
1

. .

//, .

.

ri
I

,//
/, /.

300 600 900 120° 150° 180°

1 2 3 4 5 6
)

Cam Displacement Angle

7211
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,

..

iv

,

..

'.-

,
.

MD -.901

Unfform Motion": Cam Profile
. , .

R ,-= % to 1/2 DP

True
M.odified

Uniform

0

,

R

, ..
600 1120° 1800 240° 300° 36.L Follower . , Base Circle0 Displacement 1

I

,

30°

...

it

AG

..

_

180° :

120°

Follower
Displacement

50° t

8ase
Circle

-

0°

..
"1101100.41.

TM 17 (v



t4

1

Modified Motion
NOTE: Radius (R) varies between 1/3 to full

rise depending upon bow sharp the
rise is.

a

A

5
)
)-
)
_

.

.
4,

W
E
0o
a3

a
cn

a

,

.

1

.

.

,

,
.

R

...,

.

.

.

R

_
\ .

_.
,

,

.

.

.

.
- ,

6

00 300 60°, 90° 1200 1500 180°
4 5 6

Cam Displacement Anble

Ar14

723

4

,..

C

co0

a
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Parabolic Motion'

Uniformly Accelerated & Retarded Method

$

ii

D-
D

vr.

t
a)
E
W0

CD

b

.

3

5

5

A

,

3 .

.

.
,

(
.

.

,

,

. . .

..
1

r no gno AO° 90° 120° 150° 18

(:

Li

....."'""

1 3 4

Calm Displacement Angle
,. , :

..

6

0°

P? `..25
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0 0
.

Parabolic Motion Cam Profile
22

gase Circle

-411111111111
180° 240° 300° 360°

a
60° 120°

I.
1

N

o

32 * g 300 1 3300 ,

60° 300°

90° 10 Base

270
Circle

\,

Folldwer
Displacement

p

120°

150° 210°
180°

240°



Parabolic Motion

Construction Method

5

)
:
)
.

A

. .
4-c
cp

Ew
c.)
coa
u)

5

/
,

I
/

.
..

>00.51FP-

00 300 .60° 90° 120°, 150° 180°
1 2 3 4 5 6

Cam Displacemeht Angle

n.) pl r.-1

I

72'3



Harmonic Motion

L

-
5
L

+el

E

f

0a
6
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ch

,

.

i

1

1

L

alb

300 600 900 120° 150° 180°
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r

Harmonic Motion Cam Profile

Base Circle

"Jr
0° 60°

Followef
Displacement

MD 913

120° 180° 240° 300°

180°

"1 1) r)
. 4.,

360°

Base
Circle

TM 23



- Combination of Motions

Al
.......yro w.s. .,, %.0111.71111 ..... .

Motion Motion

ihN1
pi

Ad
vAmil

0° 60° 120°

Cam Harmonic
Profile Motion 300

600

240°

0 All""Kb#
IIMhZ1"PaAl"

Ili, 1000°

Uniform
Motion

0

,._

180° 240° 360°

Dwell Base

20

Dwell

C. cle

MD 915

4

TM 24
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Basic Hydraulic and Pneumatic

Components

a

Hydraulic

Spring NW

Pressure
Instrument

Electric
Motor

Ili

4-Way Valve

x

Valve

Pneum:atic
,

Com Pressor 4

f

Lever

Pressure
r----1 Control
,

4
1Valve,

A' Li
Adjustable

©Hydraulic
Pump

_

Filter

Air
Receiving

Tank
/Raw Air)

Filter

Drain

0
j

LI/linii,,Autzl

i

Reservoir

Hydraulic
Cylinder

Presture
Gage

0
Lubricator

11

[

MD 917

,

To Tools
or

Cylinders

T-7- Conditioned
Regulator Air Out..J

TM 25
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MD -919
more

POWER TRANSMISSION
UNIT XI,

ASSIGNMENT SHEET #1--CONSTRUCT A'SPUR GEAR DRAWING

Directions: Select one of the following problems, and construct a'spur gear drawing as
shown in the example. Use "43." siie vellum or other media assigned by instructor. Include
cutting data table and dimensions. Use the following formulas to solve the incomplete
cutting data in the problems:

1. No. of teeth = Pitch diameter x Diametral pitch

No of teeth2. Pitch diameter .

Diametral pitch

No. of teeth3. Diametral pitch
Pitch diameter

2.1574. Whole depth,
Diametral pitch

Chordal addendum = Addendum + (1 57/Diametral pitch)2
4 (Pitch diameter)

(Sin 90°)6. Chordal thickness = Pitch diameter
No. of teeth

(NOTE: Your instructor may wish, for you to do both problems or assign, amother
problem.)



920
A.

ASSIGNMENT SHEET #1

Example:

4

vas.

10.24

FE- 2.0

ROUNDS /AND FILLETS R

12:5

1'877 REAM1.875

fr

X
8

KEYWAY

\ \

.'0

CUTTING DATA
NO. OF TEETH 48
FITCH DIAMETER 12.00
DIA PITCH 4.00
PRESSURE ANGLE 14V
WHOLE DEPTH
CHORDAL ADC

,,5395
.25

HORDAL THI .3927

CIRCULAR THICK_ .3927

"' /11.
I A/ -I
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ASSIGNMENT SHEET #1

X
Problems:

A. Spur gear

1. Hub thickness 1.5"

2. Hub diameter 2.10 at crown
,

3. Hub diameter 2" at face \ ..

4.. Web thickness .31"

5. -Web width at hub .75"

,

I.
6. Outside diameter - 6.4

,
1.

7. Inside diameter 5.0
r

8. Reqm 1.000/1.002 and keyway 114 x 1/8

9. Cutting data

. a. Number of teeth 30

,

..

b. 'Pitch diameter - 6.000

c.
l

Diametral pitch 5.0

*

d. Pressure angle 14 1/2°.. - ,

, e. Whole depth .431

f.. Chordal addendum

B. Spur gear .
.,

1. Hub thickness 2.00

lik

...

e

MD 91.-

ie

2. Hub diameter 3.00 at crown .

3. Hub diametero- 2.85 at face

4. Web.thickness .50

5. Web width at hub - 1.50

6. Web width at gears /88

7. Outside diameter 12.25 .

8. Inside diameter 8x5

/ft

\

a

4

,

1



922

ASSIGNMENT SHEET 411

9. Cutting data

a. Number of teeth 96

b. Pitch diameter

.411111-

c. Diarhetral pitch 8

d. Pressure angle 14 1/2°

'
e. Whole depth'

f. Chordal addendum

t_ I



r ,

. -POWER TRANSMISSION
UNIT Xl

ASSIGNMENT SHEET #2--CONSTRUCT A BEVEL GEAR

.Dtrections. On "B" size vellum or other media assigned by instructor, construct a bevel
gear drawing from the information n problem,A. Include a cutting data table and dimen-
sions as shown in the example. On a second sheet of vellum or other media, complete the
mformation in problem B. Pse the following formulas to complete the data in problem B.

MD 923

1. Number of teeth in pinion--n

2. Number of teeth in gear--N

t
3. Diametral' pitch--P

4. Pressure angle and form--Basic is 20° =

(NOTE: 14 1/2° pressure angle can be used, but certain combinations of teeth must
be used to avcitd underciftting.)

1 or select from tableAddendum for5. gear
Diametral pitch

(NOTE: Use Machinery's Handbook for table.)

6. Addendum for pinion = Working depth Addendum for gear
1Addendum--a7.

Diametral pttch

tit
8. Root angle--R = Pitch angle Dedendum angle

9. Face angle--F = Pitch angl-e Aldendurn angle

10. Whole depth--W = Addendum + Dedendum

(NOTE: This is the same for pIinion and gear.)

11. Chordal Addendum for Pinion--Cp = Addendum for pinion +

Circular thickness for pinion x Cosine of pitch angle of pinion
4 x Pitch diameter of pinion

12. Chordal Addendum for Gear--CG.= Addendum for gear +

Circular thickness for gear Cosine of pitch angle of pinion
4 x Pitch diameter of gear

13. Chordal Thickness-CT = Cirdular thickness of pinion

(Circular thickness of inion)3 Select from Table
itch diameter a pinion 2

trl
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Example

oo

CUTTING DATA

ASSIGNMENT SHEET #2

56° 19

41.

GEARIPINIGN
NO. OF TEETH 27 1 18

DIA PITCH 3 '
TOOTH FORM 14Y2° Std Invol
ADDENDUM 0.333
ROOT ANGLE 62941 29°36'
WHOLE DEPTH 0.719
CHORDAL ADD 0.340910.3447
CHORD THICK 0.523310.5229

5.375

"Ilk

-

1.060

33° 4V
52° 48'

alliL i30°12

1/ eN5'Vr r IrlaNi Eitign, p-47411--.. A .. 5
1 Nit'

16
X

1-6

KEYWAY

'
'

9.000

MS
FAO

Problems: ro( 9.370,

(NOTE: Your instructor may wish to assign an alternate problem.)

*

A. Bevel gear--Draw gear only
-,

1. Number of teeth 20

2. Diametral pitch 5

3. Pressure angle 14 1/2° INV

in.4.\ Addendum .20

5. Root angle 40° 25' '

6. Wnole depth .431

7. Chordal addendum .204

8. Outside diameter 4.282
,

9-.. Pitch angle 48° .

10. "Pitch diameter 4"

11. Chordal thickness .314

12.

13.

14.

15.

16.

17.

18.

p19.

20.

21.

22.

Backing.- .707

Back angle 42°

Face .9375

Faceangle 530 0,31

keyway 3/16 x 3/32

Mounting distance 2.563

Hole s!ze .877 DIA

Hub size 1.5 DIA
i,

We4 thickness .1 5 6 2 5

Hub projection .1875
&

Material Cast Iron

G,

'9

,
,

...

, ..

..

i



ASSIGNMENT SHEET #2

t3 . Complete the following cutting data table using the giyen information.

CUTTING DATA

Gear. . Pinion
4

No. of Teeth .- 30 20

Diarhetral \Fitch
,

5

Pressure Angle 14 1/2°

Wholepepth

Root angle

Face angle

Choi:dal Thickness
.,
Addendum

. -

7. 1

r'
t

0

41

NA,

MD 925
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POWE R.T RA NSM ISS ION

UNIT Xl

f

I

ASSIGNMENT SHEET #3--CONSTRUCT A WORM AND WORM GEAR

^

MD 927 1

Directions On "B" size vellum or 'other media assigned by instruclor, construct a worm
gear. Include cutting data tabkand dimensions. On a second sheet of media, construct a

, worm Use the following formuNs to solve the incomplete .cutting data in the problems.

A. Cutting data for worm

1. Number of threads-n

. 2. Pitch--P

3. Pitch diameter--D = (' 4 x Pitch) + 1.1

;

(NOTE. This is a recomfriended value.)

Lead and direction-Distance thread mpves in one revolution; RH or LH

(NOTE: In a single thread, lead = pitch, in a double thread, lead = 2 pitch.)

5. Lead angle--Tangentk-i Lead
ittPitch diameter)

6. Pressure angle-20° or 14 1/2°

7. Whole depth--W = .686 x Pitch

8. Outside diameter--OD = Pitch diameter + .636 x Pitch

9. Face length--F = Pitch (4.5 +
Numberof teeth on gear)

B. Cutting data for worm wheel (gear)

)

1. Number of teeth = n

2. Pitch--P ,

.

(rivrnber of teeth
IPitch diameter7D = Pitch

50

4. Addendum--a = 3.183 x Pitch

5. Whole depth--W = :686 x Pitch
..- .

6. Number of threads = t

7. Le'ad and dtectionDistance thread moves in one Irn; RH kr LH

Lead
8. Lead angle-tangentA-

Tr(Pitch diameter),

!

,

+ow;

.

.0
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ASSIGNMENT SHEET #3

9. Pressure angle-20° or 14 1/2°

10., Throat diameter--TD = Pitch diameter + .636 x Pitch

-11. Outside diameterOD Throat diameter + .4775x Pitch

12. Face radius--RF = 1/2 Pitch diameter of worm .318 x Pitch

13. Rim radius--Rr-= 1/2 Pitch diameter of worm + Pitch

14. Face width--F = 2.38 x Pitch + .25

15. Center distance--C = 1/24Pitch diameter of wheel + Pitch diameter of worm)

Problems:

(NOTE. Your instructor may wish to assign an alternate problem.)

A. Worm data--Complete data and draw

1. Number of threads per inch 2

2. Pitch .500

3. Pressure angle 14 1/2°

4. Lead angle,- 7°53'

5. Right hand lead 1

6. Whole depth

7. Addendum .159

8. OD 1618

9. Pitch diameter 2.3

10. Face length

(NOTE: Gear has 36 teeth.)

B. Worm wheel data--Comp4ete data and draw

1. Number of teeth 36

2. Addendum .159

3. Whole depth .343

4. Number of threads 2

5. Pitcb .500

mode.
P0/ 4 (-1
a 0



ASSIGNMENT SHEET #3

6. -Pressure angle 14 1/2°

7. Lead angle 531

8! Right hand lead 1

9. OD 6.287

10. Throat diameter

11. Pitch diameter

12. Face radius .99 CT

13. Rim radius

14. Hub width 2"

15. _Hub diameter 2.125

1.00416. Hole in hub
1.000

17. Keyway 1 1/4 x 1/8

18. Web thickness .5

a

a

MD 929
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POWER TRANSMISSION
UNIT Xl

ASSIGNMENT SHEET #4--CALCULATE GEAR RATIOS

Directions: Using the information sheet, calculate the gear ratio of the-gaars below and write
the correct answers in blanks provided.

Problems:

A. Calculate gear ratio from information given

1. Driven gear has 9 teeth
Driviog gear has 36 teeth

What is the gear ratio?

2. Driven gear has 36 teeth
Driving gear has 48 teeth

What is the gear ratio?

3. Driven gear has 36 teeth
Driving gear has 12 teeth

What is the gear ratio?

4. Driven gear has 50 teeth
Driving gear has 50 teeth

What is the gear ratio?

B. Calculate gear ratio from illustrati $ below

40
'Teeth

1

Dri
Gear 40

Teeth Drive
Gear

I( 4 it)

22
Teeth

MD - 931
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ASSIGNMENT SHEET #4

9
Teeth

3.

46
Teeth

Drkie
Gear

%
MA/ OWO

5.

9
Teeth

10
Teeth

6.

11

Teeth .
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POWER TRANSMISSION
UNIT Xl

ASSIGNMENT SHEET #5:-DETERMINE GEAR ROTATION

MD 933

Directions:, Calculate 640 rotation by indicating With an arrow the direction in which
.. the driven gears are turnihg.

-

1

Problems:

A.

B.

)
-

1

Driving Gear/

l 1
;

4 '-i
. 1 i

l

..,

..

elCu
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POWER TRANSMISSION

UNIT XI

ASSIGNMENT SHEET #6--CALCULATE GEAR SPEEDS

,

.,

Directions Calculate the direction of, rotation, the gear ratio, and the RPM of each driven
gear. Write answers in the blanks provided. For rotation, use C, for clockwise and CC forcounterclockwise.

Problems:

A. Gear A

B. Gear 8
t

C Gear C

D. Gear D

4.

I

Rotation

C Gear
, 48 Teeth

,

Raio R.P.M.

A Gearr
60 Teet

, _

,

,
B Gear

20 Teeth

I

-
D Gear Driving
40 Teeth Gear

3600
. R.P.M.

Ni.
30 Teeth

\

I

,

,

-

MO 935



2 9 36

M. Gear H

"

ASSINMENT SHEET #6

i"

II

G ear G

20 Teeth .

4 t
ft

Ratio R.P.M.

Gea F

24 Meth

1-,

60 Teeth

Vriving
1.200,RPM,

Gear E

10 teeth -

--ii%1 till

tr.

4

pear H
'10 Teeth

4*

V



POWER TRANSMISSION
UNIT X1

ASSIGNMENT SHEET #7--CONSTRUCT A CAM DRAWING

Directions. On 1.'13" size vellum or other media assigned. by instructor, construct a cam
drawing profile and drtplacement diagram for one of the following problems.

Problems: \

(NOTE: Your in&tructor may wish to assign a different problem.)

A Cim
. .

1. Harmonic rise 00 throigh 900 to .75"

2. Dwell 90° through 1.80° through 360°

3. Harmonic drop 1800 through 360°

4. 84.lower displacement 1.5"

5. Roller follower diameter.5"

6. Rejah .975"-3/16 x 3/32 keyway

7. .Thickher .50"

B. Cam

1.

Om.

Parabolic rise 0°.through 60° to 1.25"

2.. Dwell 60° through 90°

3. ParaboliC rise 90° through 150° to 2.00"

4. Harmonic drop 1500 through 260° to 1.00"

5. Modified uniform.motion 260° to.360°

6. Direction of ?OtationCloclowise

Ream 625" 1/2 x 1/4 keywaY.t

- 8. Tkiipkneis .50"
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POWER TRANSMISSION
UNIT XI

ASSIGNMENT SHEET 18--SELECT A CHAIN DRIVE

Directions: In order to sel ct a chain ,drive, you will need the charts which are included at
the end of this assignmen sheet Use the following example as a guideline for solving the
problems.

Examdle problem: Select a roller chain drive to transmit 5 HP from a countershaft to the,
main shaft of a barking drum of a paper mill. The input is on electric motor operating tor
countershaft at 1200 RPM. Both shafts are 1Z" in-diameter to be located approximately
22 1/2 from center to center. The barking drum puts uneven demands on the output shaft.
A design of 378 to 382 RPM on the output is needed'.

Example solution:

1 Determine load classification

a. Go to,load classification chart (Table 1)

b. Locate paper mills

c. Under paper mills, locate barking drum

d. Read to the right under the load classification column to find "heavy shock"

(NOTE: Uneven demands on the output shaft help to classify it asjjeavy shock.)

2. Determine serv'ce factor

a. Go to service faTr chart (Table 2)

% b. Under load classi'fication, find heavy shock

c. Read tcj the left under electric motor forlfie service factor of 1.5

3. Determine desigh HP

a. 'Multiply the application of horsepower bv the service factor to obtain equiv-
alent design HP

b. 5 x 1.5 = 7.5 HP r

(NOTE: For stainless steel chains, multiply the design HP by a factor from
'the application condition tabNeTable 3.)

4. Determine chain size

a. Go to chain selection table (Table 4)
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ASSIGNMENT SHEET #8

b Find the intersection of the columms of design horsepower at 7 1/2 and RPM
of smaHer sprocket at 1200

(NOTE: 1200 RPM falls into the category of 1150-1399 RPM.)

.

c. Chain size is #40

5. Deterniine minimum size sprocket

a. Go to HP ratings for ANSI roller chains table (Table 5)

h. Usip chart for No..40 and 1/2" pitch, read, down 12b0 RPM column to 7,27

(NOTE This s as Close to your design HP of 7.5 as there is.),

Read left on 727, column to 19 teeth

(NOTE: Check the maximum bore to acco,mmodate.the 1 1/2" shafts.)

6 Calculate speed ratio

a. Maximum input RPM '2_ 1200 RPM
Maximum output RPM 382 RPM

b. Speed ra'tio is 3.12 RPM minimum

7. Find centet-clistance and length

a. Using Speed ratio chart Cra lale 6), read down teeth on driver sprocket column
to 19 a

-) 0

Read across ratio on 19 to a rumber close to Our ratio of 3.12; this is 3.16
-on the-chart

c. Read up from 3.12 to see that there are 60 teeth on the driven sprocket

Center distance (CD) in same box with 3.12 is 23.332
/

Length in same box with 3.12 is 88

(NOTE: Center dista-nce and .length are expressed in pitches in this chart. You
will need to convert these to feet or inches.)

8. Convert pitches to inches

a. Length x pitch = 88 x 1/2

b. Cbain lengtIn in inches = 44"

c. ' Center distance x pitch = 23.332 x 1/2.

d. Center distance in inches = 11.67"

(NOTE: Stop here if center, to center distance is not important.T

A



S.

ASSIGWENT SHEET #8

9. Calculate chain length for center to center distance

_ a. Since a set center distance has been established of 22 112" in this problem,
the following calculations must be made to determine the chain length

2 (set center distance)+b. 'Chain length in pitches
Pitch

Total number teeth on both sprockets + constant
2

*Constant
If ratio is up to 4:1, use 2

4 to 6:1, use 4
6 to 8:1, use 6

(NOTE: Ratio in this example is 3.12 which is up to 4:1, so use 2.)

c. Chain length in pitches =

45 0 1§
+ + 2

.5 .2

= 9Q+ 39.5+ 2 = 131.5

4 -

(NOTE: Round "to 132 pitches since 22 1/2 ,center distance is not absolutely

CRain lengtl; ih inches = Chai4ength in pitches x pitch

= 132 (.51

= 66" chain length at 22.5" approximate center distance

(NOTE: It must be remembered' that more than one combination of sockets and
. chain will 4ive acceptable results.)

Problems:

A. A conveyOr belt, uniformly I aded is to be driven ati approximately 40 RPM by a
speed reducer powered by a HP electric motor. Th4 output shaft is 1 518" diam-
eter reduced to 100 RPM by a speed reduc'er. The shaft diameter of the Conveyor
belt is 1 7/8". Select a center distance of not greater than 27". Select a chain length
and center lipnce.

. \B. A rotary gear type of lubrication pump in a hydraulic press is driven from a 1 3/8"
dtioneter shaft at 750 RPM. The driver rated at 3 HP has a shaft diameter of 1 1/4",
operating at 1200 RPM., Center distance must not be less than 12". Select a center
distance and belt length.

:1

941
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ASSIGNMENT SHEEr#8

Table 1
Load Classification Char't

,

type

^
e

of Mash.* to Ye &wen
I

i

Task It;
Load

(lanufaatwa .

Table *2
Class of Scout

Number

For Ifelaal
lase Mounted
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A 1
I
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t
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1
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I
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ASSIGNMENT SHEET #8

Table 1 (COntinued)
, Lbad Classification Chart

,
A .

r
,

1,pr of %las hint to lir 1)rnen

,

,

.

1 able 01

I ed
( lavafkanon

Table 02
(.1a,, of Str.Ilt

'Somber

tor Helical
Ilme-Nlounted

Reductor,. Norm
(.ear Radiator,
& kaltomotor,

and Koller,
( ham-Unse,

.

,
,

For Helical Shaft-
Mounted keduttor,
& Ratlomotor, and

flme-Mounted
Itantanuior,

3 to 10
hour. dal

.T1?(.

(her 10
hour, das

.!.. NT1Ilt
.11),

kt, Tr, TOL
51431 .

Food [adults,
B1.0 klisrr
eerrj, cook,
l/oriLii '1111, %IL H .
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-
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Table 1 (Continued)
Load Classification Chart

i .

I %he of Machine to be lin% en

I able At I
l old

( lassitkatton

fabk it 2/
( lia. of Senke

Number

-
' or Helkal

lia,e-%lounted
Redactors, Norm
Gear Reductor,
& Ratiomotor,

and Roller
( hainDrhe,

Fur Helical Shaft-
Mounted Reductor,
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\,1 n raft. ShOs k

t
\,1 niain Sh,or
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\Iod In Shonk

I. rigor 1
I. into
l nthyrut - ,
Sirklers , '4100.
\IoderaIn ',honk
Moderate hkk
M,rderale honk

Mos)CfMe S ,o A

1 rulorm

\lodn'rain Shm k

I rithrty
Moderati. Sh.or
l nilorni

r
\JNIerali: S.11,. I.

MINdcr,i1c Shrink

MotIrtah: sans A
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odMerate \ hook
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1,1oderaie Sh,... k

licans Shenk
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I
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I

I
I
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II
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I
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1
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I

II

II

II

Il
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II
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II

II

In
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II
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II
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III

II
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it

II
II
II
II

II

II

II
II

II
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II
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Table 2
Service actar Table

Load
( bangication

I

Ti PE OF INK TAPOWER

,

'

,

Internal
( ombirginit

nor) ne 14 it h

IisdrrIk
1WDe

Hertel('
Motor

141th

Mechanicat
f)rb e

Internal
( outflanks%
F One %Rh
Meehankid

DI-1%e
I worm
Moderate Shod,.

kleiny \Plonk :
I 0

I ...'

1 4

I 0 '
I I
I ,

I ."

1 4

I '
Courtesy of Boston Gear/Incorn International Inc.
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Table 3
Application Conditions Table for Stainless Steel Chains

kpplicmon t onctrtimor
Wo
Dr

BOSTON R

f al tor
2 0
s

RPM of
Smaller

Sprocket
I I

1700
1400

2000
le,99

41

41
ils0 1499 41 J '
9s1) 11.49 41 11

800 949 41 41
0 so 799 41 4 ,
52s 049 41 II
42s 1414 41 11

1.75 AtI4 41 1

1.es 1'4 41
2'5 3'4 41
225 274 41

Pis 224 41
1n1) 1,14 41
Z40 1S9 41

120 149 40
90 1-19 40

1i9 40
4,5 "4 40
Ss n4 40
45 54 CO

15 44
44 '4O r)

26 30 CO slI
21 25
II, 20 00

I 15 140 so

`r,
s 10 80 100

Table 4
Selection Chart

IT-,--,-1-2
If----

I. DESIGN HORSEPOWER a

2

.-
LI 4 , 5 ' I 2

_
10 Is 2 25 30

HAIN NUMBER
, =, ,5- 40 40 40 40 2 40 2 40 3

, 41 is Is IS 40 41) 40 SO 50 s 0 2 sO -2
41 41 z.; I c 40 40 SO SO po (4) 80

' 41 41 4 s 40 40 s 0 Co 00 00 MO 80
41. 41 40 40 40 s0 so nO nO AO KO

, 41 41 411 40 40 so 50 4,0 so MO /40
! ,4 I 40 40. 40 sO 140 00 440 SO 140 80

40 40 10 C 0 1 50 60 4,0 80 .80
$S) 00

I 40 40 4.1 01 co (+0 f +0 SO ..k0 100 00
, 40 10 so SI,) SO 00 MO' SO 80 100 00

40 40 S,) s) 60 410 sO hO to 100 00
40 40 <I) 01 011 SI) 40 80 100 100 20
40 so so 60 00 40 SO 00 100 1 20 20

o 60 SI) `01 80 00 P00 120 20
su 50 ;0 I,0 MO 40 M0 00 20 120 20si,
st)
ht)

so
60
141

I II
,,
,,i)

14)1

h()
sill

440

10)
M)

,40

100
101)

100
100
100

00
20
:0

20
10
40

120
140
140

40
40
60

01) 1.1 I so xo 80 ' 100 100 2090 40 100 60
60 50 1411 X0 100 100 120 40 40 160 S,
NI MI1 ',II 00 10() 120 120 40 60 l4,0
m) 140 III)) 01 100 1211 140 00 00
sO so 100 00 120 120 140 410 60
140 xo ; 00 00 120 140 140 60
so 100 100 20 120 140 160 60

100 100 120 21) 140 160 160
100 120 140 10 140 160

I 120 140 IMO 61 I

Courtesy of Boston Gear/Incom International Inc.
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Table 5
HP Ratings for ANSI Roller Chrins Table

Small
Sprocket

HP RATINGS STANDARD SINGLE STRAND ROILERLESS CHAIN - NO 25 - 1/4" PITCH

10 20 30 50 75 100 125 150 200 250 100 400 600 900 1200 1800 2500 3000 3500 4000Teeth P D

12 Q-'" ow 014 020 032 046 059 1F2 us i 1 1.4 10 21 29 0 43 80 1 07 1 26 I 45 I 62
Is 1 20 009 018 025 040 058 0-5 002 1043 14 17 20 26 38 0 54

,..USJO
0 70 1 01 1 36 1 61 1.85 2 08 'l' 1 30 011 020 020 040 006 080 1W 124 10 20 23 30 43 0 62 0 81 I 16 1 56 1 84 2.11 2 38

10 I 52 012 023 033 0R2 07R 007 119 140 18 22 26 34 49 0 70 0 91 1 11 I 76 2 07 2 38 2 69
20 I NI OH 024 035 psi (Ho to) 12c 148 10 23 28 36 52 0 74 0 90 1 38 1 86 2 19 2 52 284

Lubncation a Type! Type II

Small
Sprocket

HP RATINGS STANDARD SINGLE STRAND ROLLERLESS CHAIN - NO 35 - 3/8" PITCH

10 20 30 50 75 100 125 150 200 250 300 400 (y00 900 1200 1500 1800 2500 3000Teeth P I)
I I 1 51 ...- 02) 043 062 098 14 18 " 20 34 42 49 03 91 1 32 1 72 2 08 2 47 3 32 2,93
13 1 67 027 051 074 117 I 7 22 27 31 4! 50 59 76 1 09 1 59 2 05 2 49 2 96 3 98 3 76
IS 1 80 032 060. 080 136 20 26 31 3' 417 58 68 89 _ 1 85 2 40 2 91 3 45 4 64 4.66
17 2 04 017 062 099 156 22 29 16 42 54 66 78 1 02 1 46 2 12 2 75 3 33 3 95 5 31 563
1 9 2 28 042 077 I I I 176 25 33 40 47 61 75 88 1.15 1 65 2 39 3 10 1 76 4 46 5 99 6 65
21 2 52 046 086 124 196 2 17 45 63 68 83 98 1 27 1 84 2 66 3 45 4 19 4 97 6 68 7 73
23 2 "S 1)54 095 13" 217 31 41 40 58 75 92 1 09 I 41 103 2 94 3 81 4 62 5 48 7 37 8 68 °
25 2 99 055 104 150 237 14 44 84 64 82 1 01 1 19 1 54 2 22 3 21 4 16 5 06 6 00 8 06 9.50

Lubrication a , Type! Type II fiype In

t,,__,r Small. t. r HRBATINGS - STANDARDSINGLE* STRAND ROLLER CHAIN - NO 41 1/2" PITCH
1Sprot Ise' 1

1.

[....)" 7117.7- - cto 1- '2,0 T-30 1feethq 6-1 '_ . ,
4 0.0

ott 1.,-1 .,

i 5 2 40 1 04.! 1 07+3 I. 112

I .7 -2 1 04s 1 080 1 128

19 104 1 034 1 .1,,10 1 14;
21 + lc r (J00 1 112 1 161

1 6' Oft0 124 I I 'X
L 2c 0') 1 0-.7 L 11 Pis
LI___uhrit atton *

50-

1 1

ct,
1/,

2'0

21

26
25

'"C-/-10

18
2:

2.(9'

13

41

t_43
T %1ST

24
'h

....17x1

41
4x
:,
c`d

1

12511507.-; '250 3(10 400 .600 900 1200 1800 2400 3000

20
75

44(0)

s'.!

c8
1,4

-01

14
'41

48
.,, 5

02
60
-,,
m..1

44
81

4,2

I

' 84
-.5-

"R
80

04
7.,

89
1 0'

j 1 19
F 42
1.66'
1 90

22 13'(t)

2 64
.2 tii

1 71

t.2 05
2 30
2'4

:3:74'
..,1 'V

..r 71
2 ..'H,1

0 93 0 60
J..) 78

096
r 6

0 43
0 66

69

.2...I.;
09

1 15

1 32

t 4.4:
1 83
2 00

_

849
1 79
2 12
2 46
2 82

3 29
3 89
4 46
4 92
S

0 83
0 9§

1 14

'1 31
1 49'

80
89
4.8

1 o-_
97

1 09
; 20
I ii

1 15

1 2*
i 41

1 SS

I oO
183
208.--1-TC- 3 20

T we II Ty pe 111 . lypepa
sm.,0 HP RATINGS STANDARD SINGLE STR,11ND.ROLLER CHAIN - NO 43 - 1/2" IIITCH

LSErm ket
RPM -a.-

10 20 10 40 CO
P I)

1 i 030tTiC6 080 11 11

(Ve Of, n)/, : 5

15 2 .042 0's 112 18 18
st, 045 084 120 It, 19

18 2 g`t 051 005 H 8 :2
20 -1 20 05- 100 151 20 2C

22 SI 061 118 170 23 2'
24 1 81 000 1,0 I 'n

Luhritat on

75 100 125 150 1,5 200 250 300 350

18 24 29 14 10 44
22 28 IC 41 4 SI
21, 31 40 48 cc 1,2

28 16 43 C: .1,-
31 I 41 49 50
3: 40 55 00 c 8C

10 cl 01 Z1 MI 04
43 50 80 ,01 1 03

"1"pe 1

54
05

SI

-5

92
1 03
1 15

2),

64

96
I 00
1 22
1 35,
1 48

87
02
10

40
SS:

400 500

82 4.21i
1 .1
1 41

I 23 1 51

141 172
1 58 1 93

1.7S

I 92 2 35

400 900

1,19
I 42
1 oh
1 78
2 02
2 27
2 52
2 76

I 40
I 70
2 00
2 28
2 80
3 25

3 97

TYpe II Type III

RATINGS FOR INTERMEDIATE NUMBERI OF TEETH OR RPM MAY BE OBTAINED BY INTERPOLATIONi
a

4.

Courtesy of Boston Gear/Incom International Inc.
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Table 5 (continued)

I-4P RATINGS STANDARD SINIAF ' STRAND ROLLER CHAIN NO 40 I 2 PITCH
1 1

T 1-; 100 I2, II0 219 ,99 499 ' ;99 690 1400 12004 1 v;()() T 241)4)

h iv, I

HP RATINGS STANDARD SINGLE STRAND ROLLER CHAIN NO 50 5/8 PIT 1.I

r;,-, -; ,,. 125 1;0 _00 .00 'w 400 , pm 900 1200 1500 , I v, (1 2100 2400 2/00..
It -t.1, *4 *, II vt., , ,.-v, 5, : I2 4 'I , ( (1" Iv, 44 , 442 162 3 04

' . I 4, 1 , ';; ' 94 . 26. 9 42 9 ' v, 11 c n" 5 00
I I 4 1 I v tot ,I I2 ; r i ''), 4 0s I 4* i ; 9 I I ,, *..4,* *9 - uz 5 71, 4 85

1 ..t v 1 64 I '14 ' vvvv(.1 I 0 3 , 4 1 9 -9 12 er 14 , 4 48 6 95 5 81
I , v I : H v 2 v., ' 1 4 vie, v s - -.. c(1 iv) (1 14 2 i, 9 I

1 ( ., , '11,. : 4; 1 1 1, , 1 ' 1 ,_'..;;...i' 46 1: : 1; * 19 1 v 4 11/1 1.:2 6891)11, 1,4s58 01
I Pt. r 2 2- ' I vvv . 4 1 '1 ' X, 6 4X , 9 1; , IA 4 I 4 21 1 1tv '1 H) 1 10') '1 18
2 94 ; 2 40 ' 0 i 1 )40 4 4 , 4-LI 1_ v.

0 v. 1 in 2 L14 ' D4 i '5 5 DI I 11,1c 1 I; 4 10 4

1%pe 11 Tspe III Type IV

SI;011
HP RATINGS STANDARD SINGL E STRAND ROLLER CHAIN NO 60 3/4" PITCHSpr,,,k, I

RPM " T

, :II .S III) GO 200 2..1 4 NV 600 400 1200 1400 1600 Iti00 2000 12(10114,1 t

14 v I 4 1 I 1 44 I , vr II; S II 9 9 44S (24,; S SI 4
4 s* I, 3' I'' ., 4(1, (v1 *t- lc; I:1 959 .14 '04 ,t4
1 rv, .11v, tv 4, II 777" III v 1 'co l2, III 1

1 , 4 9; I It 1,1 /111 18 14 'I' 108 9 18
I I 4 1 ] 1 1 1 t 1;4 4 n o , 4 ) 1 t v c ( 1 x '4 4 ' 1 S I P 1 4 112 C 10

V- 1=.7-1 k '0. "1 r .24 i., t '4 , 4 v , 4r -. 10 I 1 3 G '111 _ _ 24 9 '2,.,(1 1 , 1 14 5 12e,
I , 4, 1 9* Hy.. 1 -. ; , 19 ', 19, 4 611 , 1 ' , v;',,t''I I II, 9 1 2 , 2 III 2 Ix 6 21 1 16 ' 14 4:_ Z . v. vI ' I. . ii 5 4,11 :, i 01 rv i.11! '41!1 I- 7"--711i2'; 1:' 4 21, 4 " I. (1(9 II, 4

1ft tibrIcA0v.r 4. I s pe I I spi II 1"%pr 411
-..

. Tspe Iv,4-- - 0 '8
4.1.

8 , S1111111
4. HP RATINGS STANDARD SINGLE STRAND FTOLLER CHAJW- NO 80 I' PITCH'{ Spronk,, ` 1 .

NI 21v*: 11) SO i "5 : 100] 1.25, 150 I 200 :1.c() WO ; 4inv I 600 11041 1600
T -- *1 T, 4 4,., 1-

L rh-11, PE)
t '

1
4-

. II I ' 1 V.,1 v id, 1/ 1 ' I. f 4 "1*, 1 ',:, , , 1 16 9 ' ; 9 9 6.4 12
I I , 1 , 4 tl' 4 v4 ' I .v1 11 .1 ' 1, 7 ' 4 4, 12...5 10 4

L

:1: ' '11 ; '; 1 x2 *2 XXI; 4 Is s . , ' 88,,,1 1111,1 Or' v. I-, 4 '77.7 -v, 4 v ; i, :, 8, .,111121-) III: 4, It: ',1,

1 L. I v VII I v,vi ,,,,,` v ; v, i 4 -0 1* -. I ,,,, , 4. 11 , " , : '1, , 14 0

'i I.) 1. ', x,.41.; ' 9', 1 '' I 14.0, 6 9 ! ..4, , i v 1 tt 11* 'I v tv I I I lo t It s 44 , 1 l (y) 2e, v1 22 (1. IS 4
' ' v I `9 ; "5 16'1; " 11 ' g ' 1 , 411 1 I, 1 411, ' , '1 tt )44) IS 0 SI.' 194 11 2 2C (-, '1 4
4 . 61 1 ; 2 s 4 901* 9, 41, 91" V 1,1 1 I .1 , 9 7f; 'Iv I) 1. 3 tts A 9 S,1 2. 4C I It /i 29 I '4 61

, , i : S 'v. ' , 1 ; I v . " .1 1...II, 4 ) 1 + 1 6 9 1 * 1 9 ,4* I 1 1 . I I, v I ....1 ' , 24 1 .49 9 sil 0 .r.,4 0 ,1 1.., 49 6 i A 2 : -.5i

LI.uhrivIt(vv, -- 1,.. pc 1 1,0e II Tsre111 Ispe l"

2400

1 20
111

6 68
II 06
9.52

11 Ivv.

12 7
14 4

1800 2000 ;NW)

tv 1)4 t 01

11"1
II iv vv

11 <
IS

Is 1
`1

S

RATINGS FOR INIERMEDIATE NUMBERS OF TEETHOINP44`108E OBTRINEDTRY INTERPOLATION

4

11 6'
IS

14 2

Courtesy of Boston Gear/Incom International. Irtc.
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Table 5 (continued)

HP RATINGS - STANDARD SINGLE STRAND ROLLER CHAIN NO 100 - 1 1/4 PITtH
T-----r--

2(41 .,_240 , ;06 I
I

j 1 1 J ' .',

'I-

1c 1 In I 2: 9

,: 45 4) 44 1

o, ,, , I 6, ; s; 2

4 - :

5;414 '-'40 ','4

,

4-4,

'
41

01

#1

-
H RATINGS ST-ANDARD SINGLE ,STRANO ROLLER CHAIN NO

4b 5
4' 0
c; 9

8 4 o4 1 ,O) 1 <0 1

hpe

10 1 11

17.

ts
't I OFfIl Moll 'IF I pt I

; I

_

4

Small
Sprm Eel

RPM
10

I I t, 211 2

Teeth

31:
`i 11

9 C.:1

10 t4'.1 2

2 55

2

; 41

1 44

11 74..7 4 28

ithricatton T%pe I Type II

r Small
Sprocket HP RATINGS - STANDARD SINGLE STPAND RbL LER CHAIN NO

75 100 125 150

j

1400

14 2

I), 2

2: 5

2 2

32 I.
1-

s

48 S

120 1 1/2- PITQH

r
1611:1 125 I 110 '.700' 750 (00 _too ;00 600

I

I

4 ' I, '

t

I., I 11 .49
7 4 4, 2 6',11 '2 8

I 4 !II, 7,9, 1
o o ,110 I:: WO

00' 800

CIF C

,1' 4

1,114

F II 1 F 11

II 1,1 4,) j :1''t
III hilt, IV

900

11

40 F,

SO II

1000 1200

.7" 1

14

41 2
1,1 0 s2 1

'2 1 1,1 r.

113,6 '1 ),

20 6
c

12 9

IP 6

46 }t

54 4

HP RATINGS - STANDARD SINGLE STRAND ROLLER CHAIN - NO 140 - 1 3/4" PITCH
,

20 30 50 75. 100 125 .,150 200 2p 100 100 500 600 .,700 690 900

1 '17 1"721- 9 06 11 1 16 9 20 7 24 4 Al 5 18 6 46 s 58 9 72 0 65 8 52 4 42 9 35 9
4 '4 6 83 10 O . 15 b 20 3 24 ' 29 2 37 8 46 2 <1 4 70,5 86 2, 84 6 67 3 55 1 44 2,
5 56 4 01 12 7 18 1 23 ,28 9 34 1 44 1 S4 0 61 6 82,4 101 105 83 4 68 3 57 2
6 16 9 16 14 5 20 9 1" 1 11 1 19 0 50 5 6.1 7 72 8 .94 2 115 126 100 82 4 69 1- I, to A 16 0 5 ..,,10 5 37 A 44 0 0 '0,0 452 1 106 110 149 119 97 4 81 6
" oR 1 I c 18 2 26 2

..i
34 0

.,
41'5 49 0 61 4 .77 6 01 4 118 1.45 171, 118 I I 1 04,8

Type III A Type IV

IO
If) 10 io

1 099, 1 07 ; '4 k 26 1 l 1

J 1 .9 1<5" 1 6- f) xs 9 46 Is 7
16:'0 4 2 00 11-I5 IS 1

I 10 884 4 90 I 9 16 77- 20 9
1 ' 1 5 1 s 1 1 0 11 4 9 21 6

IS"
26 A

10 1

11,1

24 4

r 15 6

;4 I 41 7
7

44 0 51

15 1.

42-0

49 0

5(r I

(r1 2

419 6 16 5 6 f, 26 1 17 8 4o a 50 I 70 s
_ _ _

1:hro mon * Tp I 1%K 114 T.pe III

200

45 5'

54 4

61 5
,2

8: 0
9) 4

250 100

PITCH

400 500 550 600

55 N, h) 9
66 6 .76 4 102

77 91 5._ 449

8844..\21i A6
100 118 1,51

11' 112 1't
T. pe IV

96 8.11

124 108

14.5 114

166 161

1,01 1,4)

209 220

s

91 4

117

141

166

104

, RATIG$F3R INTERMEDIAiE NUMBERS,OF TEETH 01:1 RPM MAY BE OBTAINED BY INTERPOkA.TION

"
Cokirtesy of Boston GearAncorn International Inc.
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Table 6
-Speed RatIQ Chart

SPEED RATIOS CENTER DISTANOES CHAIN LENGTHS

pro,R 1
Teeth on

Spro4kr1 IS1 Is 19
it 14)0 1 16, 1 4S 1 S, i I r 1 I

I I ( I). e, leo( ' :'t.)" 94 I 1 lo '1 / 404
Lengthti 'n 2), It) ' 10 1 r

-4 -4-
Ratio 1 2, I 11 1 4: il ,9 1 85

12 4 D'' "Io , 146 44 174

- -.
Loon* ' 2, s- 10 1 , I'Rano 1.1 IS -4 :1 1 ;I 11 46 I

I
-41, I-

II 4 11* r ro,, "ill 4-', 18 '1 ' ,r, 949

leoFth* I '', 10 14

tern' IrmeIS Sprocket

20

1 52 I'll
1.?4 SS'

14,

1 0: 1

'1(19 S 61
44

I 54

1. .1 414
16

2 00 2 09
9 4,)44) '1,1114

In If,
1 trl
165

16

I 449

9 119
16

12.1110 1 1 14 1 1 ft I 16 I II
C

,0 s

14 I' '4, 494 1, -14

410ks4.41: 14CC

R-416; 17 Oa- rn
--'

I -1e" -7 ITT 140 IT
t 49)1010'44 4'1 82 1_1: 4 41

4 ,)

if,
IS 4(1)' 99

1-00 I 06' l -t 1,, 1- :s 1-; )1 I ;-
IN 11° rwr, 6 49 6, 9 71, 1 -15 ;II

Lells111% 40
1, 1 '4 I .) 1 IS

, 4140 '1, '1 4' II) nr 10

14 o o±_411 _!
tl 1'

4.

1 1 1" :: 2s
177 72 ,77 71771) 10 21

41)4-- ; 42.
III 11 )4, I I

41 ), II)
40 4:

144116,

I. I'
enuth.

-4- 4-
14,41o,

IS I'
'Len,

I 19 141 ;

11 erre). I

I 9:
11)0 04

IS

I 1-I

-9 87'2

1 64

lIt
9 n4S

I SI
10 42,

41)

1 44
111170

.4U

L .._ 41.!_!_l_th*-+-'IRI311.1r,

.1, II,Il II) -49 1'. 1 6, I 1

' 4) 4: il

' cht., I II. irr I I i

itilm r
-I- -i---1-

' 'W I 1)C 1 III

I r1.1)° f,
1

`4,

- 1 - 1 - _ I:_, i

' . . J , ),, f 1 14 990:I
,1 ellen' 4: 44 ,44
ICIII0 r ,-,, r r 11, 1 I I ' II ,' 11' 51 Olt I 05

22 'CD* I ' , '1.. 0 , 1'11, 10 5 ,

1
1 , 1. ,

11 (610 I I

', ikensib

6 , 14', q1,1:. ( I i,t, I'll 1

11 41,

1,

h" 40 , t ,' s, ' s,

19' 2'4

R.1110

I CD!
I 00

41 einitn--4.
1 1 '

, 46
T--- T -1- -1----

L it 1.

4

44'

MD -a4.9

"N
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SPEED RATIOS CENTER DISTANCES CHAIN LENGTHS a
< SPEED RATIOS CENTER DISTANCES CHAIN LENGTHS

Teeth on
DnvieR

Sprocket

_
Teeth on DeneN Sprocket

(, Teeth on DrtveN Sprodiet
24 25 10 32 34

-.
16 10 42 15 18 54 tie 70 72 80 1 84 451 ,9 t 412

11

Rano
(11
Length

2 IS
10037

18

2 :'
9 744

1/4

'..-1 '2

11 (44
44

2°1
12511

45

1144

1197h
4.2

_7

13 bbs
52

3 64 --'
I4 Sol

48

1 82 .
14981

60

--176
14 ,

4 er44439
\ 144

4 36
18 294.1.19

68

4:I
y39

\ 74

5..4.421 543

AZ ( enter Dtstame 1C131 and
Chain Length are in
PITCHES To obtain corres-
pondintt %aloes in INCHES
multiply 6> the appropliaw
(sham Pirch

12

R.N. -

( D
Length.

2 00
9 S1S

IN

1 OS

10 S.0
4(1

2 SO

111141
46

2 65

(2 59)
48

2 92
W14I

51

1 00
14445

S4

1 31
.14 149

58

75
410

64

1 00
is 08 s

6S .

'4 50
A) 4,),

Ijh

500
21 617

5 $I
2s ,/ 14*

b 00
26 :444

98
1 46

16'19
1 69

15 92S
'

410
20 I\Iib

--.7b%

4 61.
22 490

S 39
24 028

5 54
20 038

Ratio I 41.s I '11
40 32'

2 11
li 9' L-4:2--Z-Zi-

! 46 7 69 : "
144-711-

1 014

Length 4(1 40 46 48 52 44*
-4±414-1

S8
' -Rano
14 4 D

Length

1 72

10 OS
40

t 70
H 112'

4:

2 14
12 -45

48

: 28
I4 183

so

2 sO
44 101

44

2'5
14 MI

'41

2 50
I4 9t41

(40

4

10 I
o:

1 22
I' 543

(46

3 43
48 714

-0

3 56',..
IS 9.7".\

76

4 24
22 267

84\

N. 4 00
25 322

96

8 14
24 811

98

8 71

28 545
101i

b 00
36 41'9

114

' 15

.....

Ratio
(D ..
Length`

1 04
1)) 140,

40

2 ii
14 141

44

1 19

14 'l :I
;,4

140

4.
2 1'

14 4."
if,

2 o'
IS '46
0

2 '0
I' '10

()1

2 so

t.2

2 (.2

I49')4
64

i 00
17 140

06
2 441

' ls_16.1
tsti

2 0(
r 444(

6/4

1 20
IS SOO

'0
1,00

18.282
,$'0

12
4,4 I ik-

160
20 810

'il
4 'Ix

20t4o7
Itt

VIA
:0 395

7Is

\
100

2 079
4

I I'
12.94,,,,a

86 \
3 SI '

22 -12'
$e,

4 67"
26 279
"98 ,

. 4 1"
24034

98
4 12

75 go
', 91,

1 80
26 (494

100
1 50

!.;44,4447

100

4 24
27 In

102

4 33
29 11 1

110

5 00
24 206

110

4 70
24 000

110

5 60
10 214

114

s 25
4904°4 -44

1ln
4 94

40 891

116

(4 00
641

I SO

5 64
34479

110

..
16

'Ulm
( IP
ten ill"'

1 s11

10 9:14
4.1

17

ano
( D
lcuph

I dl
III 092

4:

I 4
(I 42`)

44

1 I.
1 /110'

50

I 6-12 .
sO

I "
14 ,'1'

-
4:

1 ,I
1: SP/

42

I "0
I 1 414
''',1

00
14 "21

44,

I "4
14 49.

c4,

1 I 1
14 411

r.
-7 °I)

IS '10
cs

1 As
It, 11,,

4,.k

2 2lo II"
6:

4
If,
:4
2 44

I(. Cgs.
143

2---i7
I' "7/

4,' 1'6 ,

lit Rat"'( D
Lmgth

1 ' '
I I 451

44

I 26
11 2 2

44

I
(''

I I 19s

44'

I "
11 "(.1

45

1 SO
1-; -....5

of.

2 h.'
t4, 404

, ,

1 (10
...) ,:4

80

4.13
2.! '01

, M.

59
2(i 74:04

1.210

4 00
.17 128

1.p2

1 14
29 Kis

1 I 2:

4 oh
30 4,84

I II,

5 01
is Igs

132

e

19

,

Ralio
40'
...eniph

1 6°
14 '0"

,4
...

I °4
I' :1(4`

4.4

I "
1 ' 4"'

.°

' 0)----
II' "2°

''4

' 1'
It-t c1tc,

70

s-2,

Is 6"
. 72

2 144

21 008
sO

1 16

21 112
as

16A
26 498

(co \

1 79

25 918
102

.4 21
21) (47

112 .

.4 1

11 519

118

s os
15 0104

132

5 9n
40 4 In

15.2.
20

Reno
(D
Length

1 20
in 9N1

44

I 14

II '4'1
45

'1 :`S

11 -2:
'4o
1 19

II 4441
40

I 'CO

i 1 406
- s 2

I 41:'
i t I -:.

S

1 60
11 S49

44

1 42

14 545
So

1 7g

lc 061
40

I 6'
14 311

S4(

I KO

1c -9c
641 '

1 'I
I4 ,

2 00 .1 III
Is lar 1' Il

64 66
1 90 2 00

11,441 1" 919
04 \... 03

.79

Is' 31.7

70

2 14

18 06
70

204
!sags

71

1 96

144,01
72

2 40
19 480

74
2 .!8

,(9 2'1)
'4

2 ig
20 0,4

'0
708

18E9
74

2 '0
21 01-.

$7
2 g +...

21 009
AZ

244,

21 w2
82

2 11

22 200
84

1 00
21 (19

SS

86

23 492
90

2 71'
24,724.

90
2 61

21 s10
90

3 50
24, .7g7

100
1 45

27 121
102

118
:ono

10'
104

26 695
102

\, 1.60
17 7544

'041
544

27;41
104

3 27 ,
27344,

a 01
1 11

21164 *36E910
106

.4 00
w 401

111
5 81

30 "(3
114

1 61
40074

114
14111

116

4 20
11 430

118
1 00

31 121
118,

°I 82.
II 96s

1211

3 65'
11 755

120

1 80
ta 882

(12
4 57

54 753
14

1 36
,45 441

}.14

1 17
15 32.2

131

3 60
40 112

152

5 II
11 177'

154

5 01
40471

151

1 17
10 765

354

21

Rano
(D.
Length

22

Rano

4 0. ' .
Length*

i 09
11 4"('

45

1 14

11241
40

I 41, 1 45

11"F 14411
44, 45

I 49

14 III:
60

4 8.4

14 1"
4.0

1 /11 1 91

I. 12 1- '14
ie. 0,4

23
*atm
CD* --"r1:
Length

1 04
24°

,e, 4t4

1 09
11 u8

441

1 10 1 19
11 -0s 14 I't1

S4 50

I s:
IC 1212

60

1'56
14. 11'

02

1 "4 1 81

1'015 1'449
00 00

21
Ratie,
CD*
Length*

TOO
121881

43

1 54
11,'10

CO

1 25 1 31
14 404414 040

Cf. S/i

1 46'
10 1SS

11 4.:

1 50
1( 1(94.

1.2

1 44 i 's
17'515 14 1.',

(IX 1/

1 As

19410,
2 (40

19 1428
76

2 2s

21 950
84

2 (0

24 ,24
91

2 92 '

27 522
104

3 00

27 951

106

1 li
430 609

PIA

3 so
31 511

120

4 00
36 170

136

4 (77

11 622
156

'2S

Ratio
CD*

Irength"

100
1: 500
sn

1 20 I :8
14.228 14 '708

cI, ss

I 40
14.911

61 4fi

.1 14
1(0,45

ns

1 60 1 08

11 4104 1804"
ha 40

.1 30
(6".717

74

41 92

20427
78

2 10

:I 760
84

2 40
24 104

92

2 80
27 106

104

288
27 7*

106

I 20
10 486

116

3 16
32 ISO

122

3 84
34 960

116

1 18
11 111

156

Courtesy of Boston Gear/Incom tnternitionaI Inc.
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POWER TRANSMISSION
UNIT XI

ASSIGNMENT SHEET #9--SEACT A V-BELT DRIVE

Directions: Using the tables inbluded in Transparencies 1, 2,' and 3, select V-belt drives for
the problems which follow. An example is included to be used as a guideline for solving the
problems.

Example problem 1/3 HP, 1750 RPM motor for a drill press having a spindle speed of
1000 RPM. Center to center distance 20". Type belt needed is V-belt.

Example solution:

1. Decide whether belt will be used on light, normal, or heavy duty equipment; a drill
. Ass for this example is normal duty so-uie normal duty tables

(NOTE: lf,equipment is light atm, multiply horsepower rating by 1.20. If it IS heavy 6
duty, multiply by .85)

.2. Select outside diameter of small'V-pulley

a. Using table on Transparency 1, .go across from 1750 RPAA* to the .38 coluntn;
the .38 is a aonversion 'Wpm 1/3 HP; that. is, 1/3 = .33 and-,.38 is closest to .33

b. Read up from .38 to the* top of the column 'to get 2.60" outside diameter of
the small V-pulley.for the motor

c. Since the background area is white, -the belt cross section is "A", 1/2" wide
by 5/16" thick

3. Select driven V-pulley diameter,
'

a. Using table on Transparency 2 tinder "Driven Speeds for 175d RPM Motors",
read across the top row until the 2.50" column is reached; the 2.50" is the

.outside diameter of the small V-pulley for the mot&

b. Read clogin the 2.50" column Until you come to the. nearest RPM of the deiired
speed of 1000 RPM; the nearest RPM to 1000 RPM is 1Q50 RPM

c. Read in the row to the left of the 1050 RPM un
entitled "DriveN V-Pulley 0.0. ches"; your at'
outside dieneter of the driven vpul

4, Determine belt length

ou come to the first column_
swer is 4.0'4.I the 4.0" is the,f

*

Add the diameters o-f the small pulley and the driven (larger).pulley:

2.6 + 4.0 = 6.6

-b. Usitng table on tril*fiarenc 3 select the number on the top row of theetable
closest to the surnbf 6.5; your selection should be 6 1/2"
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ASSIGNMENT SHEET #9

c. Read down the 6'1/2" column to the first number lust below the shaded area;
this nember is the ideal center to center distance of 6.8"

'
d. Read across the row to the left of 6.8" to column "Belt tength" which gives

. you a 24" belt length; the 24" belt length would be.the ideal belt length

e. Our problem has a center to center distance of 20"; proceed down the 6 1/2"
i wtdlumn to the closest to 20", which is the 19.9"

f: Read across the top to the left of the 19.9" to find the bei length of 50"

Problems:

A. A one horsepower, 1160 RPM motor is to operate a gendrator:' The generator is con-
nected to a pulley by a V-belt. The,generator pulley must rotate approximately 600
RPM. The center to center distance:is to be 14". Calculate the size of the V-belt
required. .,.

B. A 1750 RPM, 3/4 horsepower motor is used to drive a 500 ROM flyvheel connected to
a punch press: Center tq. center distance is 17". The motor pulley is connected to a
pulley on the flywheel shaft. Calcu We the size of the V-belt required. .

*

$

I.

1.
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POWER TRANSMISSION
UNIT.Xl

ASSIGNMEN't SHEET #10;-SELECT TYPES OF BEARINGS FROM HANDBOOKS

Directions: Select types of bearings for the following problems using available bearing\
handbooks and tbe table included at the end of this assignment sheet. An example,is given
to be used as a guideline for solving the problems. The following i a list of geneial consider-

\ations for selecting bearings.

In

1. Choose roller bearings for larger.sizes and heavier loads becaus'ethey aTe leis expensive
than ball bearings.

\ .
,

\ 42. Choose ball bearings for smaller sizes and lightet;loadecause they are:less expensive. ...than roller bearings. - ,,,, .

.
-.-u '- - \*

3. Under shock or impact illloading, roer bearngs are more satisfactory than iltreAcngs. ._ bl i
.

...

4, Uge a self-aligning or spherical roller tearing when there is misalignmei2t Between -.,....- -
housing and shaft.

--
4 ; A.:I

4

' a ,5. Ball thruslbearings should be used for pure thrust locls onlf - #

6.. Use a deep groove or angular cohtact ball bearing for high speedoffmseAlarust.loads, .
. e -

7. For, long operating peribds without attentibn, the.deepir6oVe ball beliriqg is 6,ailable
with seals built into the beaingir ,

-4

" ,-
.

Example problem: Select a lidht inch baii beWr-ing from. a haktsbok.that wolild satisfy
_

.the f011owing designmeeds:

1. Maximum speed = 5,800 RPM'

Mb

., - _ . w--'----- -".: , .. . , .. ..- . .. -,.. '..7.,- . .2. Dynamic load rating = 3400 0..lbs... , - . -:
* .. iir . W. a, II .(;) IPtatic load ray =1800 ibi;

I ..
.

f

0 41Wht is tht ifiare size and
outside.diametet,

tiie?. , .. N. 4 .. 01
.. , . . ..

(NOT : Experience has shown that tictual failure of ball beatings has been due to fatigue.'
sCalculatiOn -of rating life, Irsjc loa rating, and otheri-, factors will be found in a mac'hine, . . . 4 .design class.) .

Example solution:

1. (Locate light inch ball barings'frorn tpechanical cbinponents handbpok or Table 1

2. Read down .the limiting speed column for 5800 RPM; notite it falls 6etween 5600
and 6300

3._ Choose 6300 RPM which is LS 13 1/2 , r
, .\

V.



ASSIGNMENT SHEET #10

4. Read down the dynamic load rating column for 1400 -lbs.; notice it falls between
3350 and 4050 lbs.

5. 'Choose 4050 lbs. which is LS 12

° 6. Read down'the static load rating column foi 1800 lbs. 0-hich is LS lb
.. .

.1. Decide 'Which bearing will sa0y the extreme tonditpn and yet satisfy the other.
conditions

-

- a. Choose.the largest load either dy.namic or static as the controlliog factor
..

b. The 'LS 12 bearing number at 405D lbs. dynamic load is chosen
4 ,I ^ - .

. . . .
. c., The 1800.11:i. statioload is within the static load rating of 2750 lbs.

C

a

10
d. The limiting speed-of 8060 RPM'covers the-5800 RPM expected speed

,. --.
' *.d. Bore size is 1 1/4nroutside diamèter is 2 3/2P

a
, , qf di: . ' r

. A .
. . .

a '.
... a ' -

/ .
. .. Problems: ''

,

.,... .. .
.. - - ' / I.

' : . . .t '. . ... A. Select a light. inch bbl4 bearing from a hariebook tpat ,wourd satisfy die hallowing.. .. .,.. .. deign n 0speds: , -,. . . . '.: .
f . .. IS* .

0 ,

1 . Maximum speed 4- 34(30 liPM . . ' . ,
..-

*
,,,.. ,. ....,., 4....,

. .
.

:'. .

4 . . .
. j - 2, Dynathicl 'ikrating =7500 lbi. ' . ... - - r

, .. . , . .
01 Q ..- j .1 : ......- -.- -_-

. , ,-, . -V
. *? '3'. -Static load Fatifig= 9'150 lbs.. .. .. . .

..
.77. , .. d ... e.

0 '. Whgt isthepore size and outside.diametsrsize?. .
4, ; . . . V *

C A. .c . ...
;A"' *

#tA. t .
JP '' . 0

a' B. '$elect a light inc4 ball_bearing from a, handbook tbaiwojljsatisly thefollowirig v -
,

'desip needs: z-,-

"'
. 1.: MaxiMum apeed = 2200 RPM

.

, Dynimit 1 oad ratihg = 4800 lbs.
0 .

- 3. Statics load rating = 1375 lbs.

What is the bore size and outside diameter size?

. :

.t A ,

4
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BEARING
N&IMBEly-

Norma FAQ

.
BOUNDARYIDIMENSIONS '

'ii inth
- .6.*

BORE 0 SIAM WIDTH

- m

A

x
. FILCET

RAQIUS.I'
Shaft &
Housing
, inch

.
"iPPROX
WEIGHT

-lb

. St
LIMITING

SPEED
I'

rpm
.

.6 C C.

DYNAMIC STATIC
LOAD . LOAD

- RATING ' RATING
lb, lb-

LS 5
LS 7
LS 8- .

,

LS 9. .
LS10
LS 11

LS 12
LS 121/2
,LS13

131/2

till%'..
LS 16 -

cs v. .

LS 18 .

LS 1St ^
4S- 191/2:0;,

4
14 20 . -..

1-.11V -

i; zrii
:I kr*" 4...
. .-.. _.

Ls/.3 1:

11411/2
- tt,t.c.' ''

LS 1141/2.?," -..

LS 5, $, -
LS 251/2

LS 26

.
1/2 ii,.
4 Pm 716

% 1% - 116

,

74. 2 '16
1 2% lir.

..11/2 21/2 4 -

1% ' 23-.
1% . 3 '11".

11/2 . 1,34- 4--

14 . . .34 3i.. ' ,-
- 1% 3%

1rs - 4
'ire
'31.

t . A 1116

.218 4 . ...
?1/2. 5 II: ...... r - - ,,.

. 234 ' `5%, .., 1 4 Ifia :
' _At ts .5% . . 1114 -r

4.34,-' . 6: .1h.
4 .....

_* - ,
. 31/2 '61/2 '),14

*. ,I.; 1 . t 1194 . .,
..- : i'

4% , 7%4, I4A.

( : Z.; 1117A '. 1144;.* -
. .

,. . __id- -
g 5' . 9 .row _2_71).----: 7.-,;-'-'

..1- lij-`"It--1t31- '-' gi... .-
- 6% 11 .1%

7 .;,,,r.c- 42 14
71/2 121/2 1%

a 13 14

020
.020
040

*0
c040
.040.

.040, .
. ,..040

-06e- .
;

' .06Q .
0-R
.060

!. -

060 IS-'
-- ._ -=',It". -. a s.

IF 060 :,
t. ...060

068 ....0' ;
- 56. [ a

',dee
. "too

Li

''.0bd

." 2ttl° ;
..4. .. ., , .... -
MO

3?1°--
--84. ;,-- C

.10
; ,10

.10

.10 .

l'" .12i
.15

"'.27

.32, . '
.442 -
.51 . .:".'

`. .63
1. .86 .

m ,.1.40 6.-
". ,

;1 ..
1 61 . -
1.85 . it

:" 148 4., war*

. ,. 2.40
345". '

- ,. .
3 40

".. 4.6, ''
.... 4.90 'etas

41 '' 46:20 .
Lt fr

- ."*." ''
? 11 , -;

,:-. .114
. -,. 15.0066 ...

140 L:4.--. '
24.
36.' 46.00

' 57,00

22000 " 1180 .695
16000 64660 .
14000 2200 412

.

12000 2244." 11000 . 2800 ' . .1
9000. 23350 . 40.. .4 .

lo V

- .§000 4050 . . 275C
7100 . 4400 - 3100
-7100 -".. . .' 5500-

.. 6
6304 . ;5600 . A

4' 5600 .; ,- 46300.. L....0"1 46
.5600. 4. 7500? 560c

s.. I. ' e ° : i 7600 560(, 9 , ,1215,,. 4 it
1 'II

931A.4 .
1. $ 400(1 * P 6 11400 . 91

.,. 8600 a ° 1125e0 -
. .3609t4 a- 14,02 : r

'3200. . .1. 14-sb00 .. ,-. lstoc. 9204 - 3..18600 ,. 1 -SOC
. 2800 19600 lie, , 17604

. . t. :-..---,..-- -: .

,-- 2: a s g280e - 2000C
2 00 24500 2240(
2500 `. 25000 norx

-.
.-.."- .#0 , 26500 . 2450C2:sof

. 2700(
, 2000 3 go. . 3250(

# 1800 33500 3550C
1800 35500 . 3900(
1600 35500 3900(

1600 36500 42$0C

Courtesy of FAG Bearings Corporation

0
&

&

a 4
. I

..-* ' -). a- ,ft., -4-
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Li S m .
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i
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.

,
A

i ..-111,..0 .,, .o_
'4: ' .7... I * -, .0 . *AssiOment,Sheet#1,, . - ,- 0--- ..:,-..

. . . ,
:-r- .'- .

. A. itiwing evaluated to thAatis/aajon Orthe instruetor
,AlitouSaddendurn = .575 . - -....

mO 'evaluated to the,.-satiFsfaction-of the instructor al"-
.. - - .4- 11.- Ri ter =.26192zt :

.
- 4.,

...1. .
_ .

_A; . 01.
. - -.4- '' Chordal addendutn = .2008 . .. .

o
I 1'

tt .
., ' -

41,

.4
ottO

of
411:

.
. ,

- 957
1f

w . 1

,- ; Assignment Sheet #2
.

13. J . CUTTING DATA .

..
. Gear Pinion

Number of teeth . , 30 . 20

Diametral Pitch 5 .

_ Pressure angle 14 1/2°

Whole depth .4314

Root ayle 52.6° 30.4°

Fate angle 59.5° 36.9°

Chor4 Thickness .314 ..314

Addendum . .2 -

Assignment Sheet #3

A. Drawing evaluated to the
Whole depth = .343
Face length = 2.61

B. Drawing evaluated to the
Throat diameter = 6.048
Pitch diameter = 5.730

. Rim radius = 1.650 R

Assignment Sheet #4,

A. 1. .25: 1
2. .75:1
3. 3:1
4.

satisfaction of the instructdr

satisfaction of the instructor.

771
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. ,AN§Wc RS TO ASSrGlifthT,S1-tEETS
.- .

r B. 1. .55:1
2. .1.3211 ._

_ 3. 4:11:1.
,11. 5.70:1

5. 5.11:1
6. 5.09: 1 . .

Assignment Sheet #5

A. --------
frAler'\

0' '',.. ....

-., 1'
%'

"..
1 t .

...

. . i

i'

:.... .

a 0,

.\ .! 1 s
iir \

Driving Gear

C.

"..... s:

,Il
"P.',S

).
.:.' .

s\ s
i
.;s % '..._,

. --", fl '.,/ilji ',.. ni if

4*

Driving Gear-

fse n

Assignment Shbet #6

RotatiOn Ratio 4,. `R.P.M.

A. Gear A OC 2:1 . 1800
B. -Gear B C .33:1 5400
C. Gear C C .80:1 2250
b. Gear D CC .83:1 2700

Rotation Ratio -R.P.M.

.

E. GeaF E CC .16:1 )200
F. Gear F CC .40:1 3000,
G. Gear G C .83:1 3600
H. Gear H. CC .50:1 .2400

772
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ANSWERS TO ASSIGNMENT SHEETS

,
MD - 969

Assignment

Assignment

A.. 1.
,2.

3.
4.

- 5.

6.
7.

8.

9.

B. 1.
2.

3.
4
4.

,5.

6.

Sheet #7--Evaluated to the satisfaction of the instructor

Sheet #8

Load classification-uniform
Service factor = 1

4-Input power--5 x 1 = 5 HP
Using 100 RPM and 5 HP, select chain #80 from Chain selection table
On HP Rating table and using 100 RPM and interpolation, select 16 teeth. 5 AP
is approximately halfway betweer14.70 (15 teeth) and 5,38 (17 teeth)

100Speed

4,

ratio
40

Larger sprocket 16 x 2.5 = 40 teeth or use Speed ratio table..
Answer is 15.528 center distance in pitch

, 60 chain length in pitches
Convert to inches .

15.528 (1) = 15.528" center distance
60 (1) = 60" chain length
15.528" center distance is within the 27" center distance limitation

lroad classification under pumps rotary gear type-uniform load .
Service factor = 1
Input power-3 x 1 -
Chain selection table using 3 HP and 1200 'RPM, select #35--3/8" pitch chain
numbee .

Using 1200 RPM'and 3 HP, select 19 teeth from HP ratings table
1200

1.60-Speed ratio
MO

Larger sprocket .19 x 1.60 = 30:4 or use speed ratio table for similar results,

;

and select 30 teeth
7. Answer is 13.638 center distance in.pitches

52 chain length in pitches -

6:- Convert io inches
13.638.1.375) = 5,115" center distance
52 (.375) = 19.5" chain length

9. ' 19.5 center distance ishot Ilss than 12"-centér dista ce liMitation

Assignment Shee\ #9

A. 1. Classification: normal dty
42. Using Transparency 1,

the .98 is a conversion frém
3. . Read up ofrom .98 to the
4. Since the background area

ross from 1160 RPM of small pulley to .98 column;
1 HP; that is, 'I HP is closest to .98 HP
top; select '4.25" outside diameter of small pulley
is darker, use cross section B - 21 wide by 12 thick

-3-2 32
5. Using Transparency 2 under 1160 RPM motors,

column is reached
6. Read down 4.25 column to the nearest RPM of

' which is 599 RPM
7. Read in the row to the left of the 599RIVI until

VsPulley

read across the top until 4.25

the desired speed of '60.0-RPM

you reach 8.0" O.D. of Drive N.



'

8. Add the diameters of the small pulley and the driven pulley--4.25 + 8 = 25.25"
9. Using table on Transparency 3, select the _number 'on -the top row of the table

closest to the sum of 12.25; use 12 1/2
1Q. Read down the 12 1/2 column to the number closest to the center to center

distance of 14" .
11. Using 13.9", read to the left over to Selt length column of 48"

B. 1. Classificition: heavy duty--multiply horsepower by .85, then use normal duty
tables; .85 x .75 = .64 HP; the.75 HP is a conversion of 3/4 HP,

2. Using Transparency 1 go across from 1750 RPM of small pulley to .63 HP;
that is, .63 HP is closest to .64 HP

3. Read up from .63 to the top and select 3.00" outside diameter af small 'pulley
4. Since the background area is white area, use cross sectiori A 1/2" wide by

5/16" thick 4

5. Using Transparency 2 under 1750 RPM motors, read across the top until 3.00
column is reached.

6. Read down 3.00 column to the nearest RPM of the desired speed of 500 Rrm
which is .474 RPM

7. Read in the row to the left of the 474 RPM until you reach 7.0 OD of Drive N
V-Pulley .

8. Add the diameters of the small pulley and the driven pulley; 3.00 + 7.00 = 10.00
9. Using table on Transparency 3, select the humber on the top row of the table.

closest to the sum of 10.00; use 10
10. Read down the 10 column to the closest center to center distance of 17 inches;

use 17.1
11.. Using 17.1'; read to the leftover to belt length column of 50"

Assignment Sheet #10

A. 1. Lirniting speed 3600 RPM
2. Dy`namic load rating 7500 lbs.
3. Static load rating 910 lbs.
4. Select 9150 lb. static load as controlling factor-1_516
5. The 11400 lb. dynamic limit will cover the 7500 lb. design load
6.' The 4p00 RPM will cover the 3600 RPM design load
7. LS16 bore size =2'3/4", ; outside diameter = 5 1/4"

B. 1. Limiting speed 2200 RPM
2. Dynamic load rating 5500 lbs
3. Static load rating 1800
4. Select the 5500 lbs. as controlling factor--1.1 13
5. The 3800 lb. static load will cover the 180Mb . design load _ /
6. The 7100 RPM limiting speed will cover the 2200 RPM design load ,

7. L513 bore size = 1 1/2"; outside diameter = 3 1/4"
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POWER TRANSMISSION(
UNIT XI

NAME

TESL

1. Match the terms on the right with the correct definitions:

a. Machine parts used to lessen friction

b. 'De:4ms for joining shaiivogether

c: COrressed affs:ttsed as pewer transmission

d. Toothed wheel meshing with another toothed
wheel

.Oevices used to transmit pdwer around
corners and different angles when the driver
and 44riven shafts gre not lined up

f. Endless flexible belt on pulleys

g. Liquid is used as power transmission
0

h, Devices forslowing or stopping power driven
Ots 10.

11.

4 12.

. k. Devi stopping or starting a machine`
without ping the prime mover

1. Gear drive

2. Belt drive

5.

6.

7.,

8.

9.

i. Motion and function generators

j. Endless chain on sprockets

I. Machine elements designed tO produce a
specific inotion

m. Any device used ta reduce the speed of
the output device _0 .

,

n. A second mciticm orAkitvmediate shaft ih
power transnessron system

'At gear it serves to fill up space and reverse
direction; as a pulley it serves to take up slack

. -

A iiner forced in a hole to provide a better
.wearing Or bearing surface and to provide for 21.
easy canewal

Parts used to protect ball or roller bearings
from loss of lubribant and entrance of dust
and dirt on bearings

Chain,drive

Countershaft

Couplings

Clqtches

Gear 1ruction

B'rakes

Splides

Flexible shafts

Speed r

Seals

13. .Bearings .

14. Cams

15. Linkages-

0

16.

18.

19.

A. 20'

1

Power train

Hydraulics

4

Pneumatics

Idler,

Bushing

Gear ratio

0



90

r. %A combination of gears used to reduce the
input speed to a lower output speed

s. The number of revolutions the drive gear
must make to turn the driven gear one revolu-
tion

-
t. Relaying components involved in the trans:

mission of power from the engine to the drive

u. Multiple keys in the general form of internal -
and external gear teeth, used to prevent
rotatien of a shaft

, 1-, .

2. Distinguish between advantages of chain drives and gear drives by placing an "WI

,

next to the advantages of chain drives and an?" next to the advantages,of gear,
drives.

-
a. Better shock absorbing

b. Higher RPM can be obtained

c. Maximum speed ratio can be greater

d, Wear is reduced

torsenter_distanca_

1

f. Generally mire practical at higher RPM and higber horsepower

g. Ease of changes 'in design

3. D_Winguish tvtween advantages_ of chain drives _and belt drives_ by_ placing an
next to the advantages of chain drives and an "Ow next teethe advantages of belt
drives.

ap , Lower loads on bearings due to slack

b. Occupies less overall space

c. Does not deteriorate with age

d. Generally operates with less noise

. Easier to install

in order the steps for selecting a V-belt drive by placing the correct seq uence
in the approortate blanks..

. -Select driven V-pulley diameter
. .

b.. Select *outside diameter of small V-pulley
_ _ _ _

c. Decide whether belt will be used on light, normal, or heavy duty equipment

411==-.2 ka-s

d. Determina belt length
0

0
,



5. Complete tte following list of major types of power transmission chains.

a.

b. Offset sidebar

c. Doubte pifth

d.

- e. Detachable

f.

MD 963

/

g. _Inverted tooth .

6.* Match the axes positions on the right with the correct types of gears.

a. Worm and worm gear

b.. Plain bevel gear

c. Rack and pinion gear

d. Planetary gear

e. Spur gear

f. Helical gear

r`

1. Axes intersect

2. Axes are
parallel

3. Axes do not
intersect

ES onot
intersect and
straidht line
motion converts
to circular
motionand vice
versa
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Chordal

7. Identify parts of gear teeth.

a.

4
C.

e.

g.

Thickness
Face Width -

d.

e.

Chordal
Addendum

8. Identify parts of pinion and gear.
Pitclr Circl 4-1

Tooth Profile,

b.

d..

f.

'Pinion

db.

+MP

a.

Working
Depth

Root Dia

ide Diameter
d.

oot (Tooth) Fillet

r- Whole Depth
Addendum
Base Circle,
Top Land

.DedendUm

Circular Piich (P)

Pitch Dia

-Chordal Thickness
Circular Thickness

Lint) of Centers

- b.
'

d.

1 3r.
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9. Name three types of cutting data needed for spur gear drawint

a.

b.
r

10. Identify parts of a bevel gear.

a.

C.

Addendum
Whole Depth
Dedendum-

r-

0

450 eb Thickness
Hub
ProjectionAdd. Angle

Ded. Anglo

Ciown
Mounting Distance

b.

d.

11. eomplete the folltng )ist of cdutting data needed for bevel 'gears.

a. Number of teeth in pinion

b.

c. Diametral pitch

d. -Pressure angie

e.

f. Root angle

g. Face angle



966 i .

.
h... Whole depth

i. Chordal addendum for

I. Chordal addendum for

k. Chordal

(

11.

s

.
12. Distinguish between cutting data needed for worm and cutting date needed for worm

wheel by placing an "X" next to the cutting data naded for a worm and an "0"
. next to cutting data needed for a worm wheeL *

a. Number of teeth

b. Rim radius .

c. Face length

i

It

d. Throat diameter
'.

_

. .

13. Calculate the gear ratio of -the gears below arid write the correct answers in the blanks
proVicled.

-..x- ,

-

a. Driven gear has 6tteeth
Driving gear Pas 38 teeth

-

4 ,

Drive Gear 28 eet .

Drive Gear

,

,
C.

I %.1-

._,

I.

N

v

1

e

i

4



-

,

..,
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1
.14. Determine gear rotation of the gears below by 'writing "C" for clockwise or "CC"

,-....... for counterclockwise in theblankiS provided. ) . .

a. Gear A

b. Gear13

c. Gear C

, d. Geat.0

,

'
.15. Calculate gear speed and write the answers in the blanks providedr

. Rotation
.

.0.

a. Geai A C

Ratio

420:1-
I

b. Gear 13 CC. 2:1

c. Gear C C .63:1
4

d. Gear D C. . .33:1

4

s

.

RPM

781

.

,

-.

,

--",......,

;

.fr
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%

II.

16: List.two types of couplings.
., . 1-

,

- ,
a.

- -
, ,

..,

I
:.

1,....,

-t

:

4

.

. ..
'17. pistinguish between types of bearings by Placind an "X". next to the plain bearing,
- and an "0" next to the araffrictionbearings.

a

:
a. Ball ,

. .

b....Radial . -
.c. thrust

d. Roller

11 ' '

e. Guide or slipper

18. Identify cam nOrnenelature.

4,

li

I

.,

I

V

Direttion .

of Motion

. le
/) of 1>

.

Pitch Point

a.
Tangent

'

,

.

,Trace Point,

Cam Profile-
. * . .4..

r

ma.

a. ....,

C.

- . Pitch

----.:_: ----. Circle

v

kl.

.

t

J

o-

a

_



19. Identify types of cam followers.

b.

20. Select types of carp motions by placini an "X" in the appropriate blanks.

a. Modified

b. Readjusted

c. _parabolic, construction pethod

d. Simplified

e. Uniform

f. Harmonic

at

21. Match hydraulic nomenclature on the right with the correct definitions.

a. Device to convert fluid energy Into mechani- 1.

2.

3.

4.

5:

-
cal force

b.. Instrumenti to measure pressure, tempera-
ture, or flow

..C.4tReservoir to hold fluid

d. Parts to control flow and pressure

.*ratres,.....14 -rwe

a. Device to force liquid through systeM

f. Parts to clean fluid i"`
(1:4 A cylinder in which fluid is stored Ader

pretiure and dosed to meet fluctuating
demands

783
f

Tank
1.

pump

Valves

Cylinder or motor,

Filters and strainers

6: Accumulator

7. Gages,

4



22. Match basic pneumatic components.on the right with the correct functions.

a. Compresses the air

,
b. Removes dirt wig water 2. Filter

c. Lubricates the 'operking components of a 3. Regulator

system
4. - Compressor

d. Indicates pressure
5. Receiiiing tank

e. Stores compressed air 67 Lubricator

1. Pressure gage

f. Keeps air pressure within en acceptable
range

23. Distinguish between air circpit components by plachig an
elements and an 110" ntit tothe power elements.

a

a. 3-position

b. ,Cylindeis
_

c. Air motors

d. .2-way

:1. Demonstrate the ability to:

a. Construct a.sPdr_gear

b. Construct a bevel gear.

c. Construct a worm and worm gear.

d. Calculete gear ratios.

e. Determine gear rotation.

f. Calculate gear speeds.

g. ConstruCt a cam drawing.

h. Select a chain drive.

Select a V-belI drive.

Selecttypeaf bearings from handbooks.

(NOTE: If the* activities have not been accomplished
youcjpstructor when they should be completed.)

I.

11;(II next to the control

,prior to the test, ask



so

1. a. 13
5
18
1

10
2

2. a. X
6 b. 0

C.

d. X

3. a. X
b. X.
C. X

MD 971

POWER TRANSMISSION
' UNIT XI

ANSWERS TO TEST

g. 17 1. 14 q. .12
h. 8 -7- m. 11 r. 7
i. 1p n. 4 s: 21
i. 3 , o. . 19 t. 16
k.

e.

6 p. 20.

f.

d.
0

e. X

5. a. Rolfer
d. Pintle

4 f. Bead.

onimmerr

6. a. 3 d.
b. 1 e. 2 ,

c. 4 f. Zor 3

7. a. Outside diameter
b. Rpot diameter .

c.. Circular thickness
d. Circular pitch
e. Addendumt Dedendum
g. Whole depth

8. a. Line of action
b. Pressure angle
c. Clearance
d. Pitch circle
e. Center distance

7,$)5.

4t

MOM



9. Any three of the folloyting:

a. Number of teeth
b. Pitch diameter
c. Diametral pitch
d. Pressure angle
e. Whole depth
f. Chordal.addendum
g. Chordal thickness

10. a. Pitch.)djameter
b. Cone distance
c. Back angle
d. Backing

111 b. 'Number of teeth in gear
e. Addendum .

i. Pinion
j. Gear
k. Thickness

12. a. 0
b., 0
c. X
d.

13. a. 1.77:1
b. 3.16:1
c. .25:1

14. a. C

b. CC
C. CC

z d. C

15. a. 1250
b. 625

,c. 1000
d. 1875

16. a. Permanent
b. Clutches

17. a. 0
b. X
c., X or 0
cl. 0
e. X

18. a. Pitch circle
Base circle

c. Follower
d. Pressure angle

41

leve.



19.

20.

a. Roller
b. Flat face

a, c, e, f

.16

21. a. 4 e. 2
b. 7 f. '5

"c. 1 g. 6
I I

d. 3

22. a. .4 d.
b. 2 e. 5
c, 6 f. 3

- 23. a. X
b. 0
c.. 0 _

d. X

2C Evaluated to the satisfaction of the instructor

4.

3

1

,

r

741

,

i)
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